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= 8-BIT MICROCOMPUTER PERIPHERAL 










LS! Characteristics 








Type Nol 


Old Type Name 


HD63B821* 


PIA 
HD6821 HD46821 
HD68A21 HD468A21 
HD68B21 HD468B21 


HD6340* 
HD63A40* CMOS 
HD63B40* 

PTM ae — 


Division 


Process Package’ 















DP-40 
FP-54 


Peripheral Interface 
Adapter 


MC6821 
MC68A 21 
MC68B21 


Peripheral Interface 
Adapter 


DP-40 


Programmable Timer 


DP-28 
Module 


MC6840 
MC68A40 
MC68B40 
MC6844 
MC68A44 
MC68B44 


HD6840 
HD68A40 
HD68B40 


HD6844 HD46504 


DMAC HD68A44 HD46504-1 
HD68B44 HD46504-2 


HD63A45* CMOS 
HD63B45* 
HD6845 
HDESAAS 

CRTC HD68B45 


HD6845S HD46505S-1 


Programmable Timer 
Module 


DP-28 


Direct Memory 
DP-40 
Access Controller 


CRT Controller 

(4.5 MHz High 

Speed Display) 

6800 type bus timing 


DP-40 


MC6845 
MC68A45 
MC68B45 


CRT Controller 
(3.0 MHz High 
Speed Display) 


DP-40 


-20~+75 DP-40 


CRT Controller 


HD68A45S_ | HD46505S-1 (3.7 MHz High 
HD6sB45s_ | HD46505S-2 Speed Display) 
CRT Controller 
HD6445-4* CMOS DP-40 (4.5 MHz High 
Speed Display) 
80 type bus timing 
| HD6350__ Asynchronous 
HD63A50 ‘CMOS -20~+75 Communications 
Interface Adapter 
ACIA HD63B50 
HD6850 HD46850 Asynchronous MC6850 
-20~+75 Communications 
HDO68A50 HD468A50 Interface Adapter MC68A50 
HD6852 HD46852 Synchronous Serial MC6852 
SDA -20~+75 


Analog Data 


Aquisition Unit 


by 
° _ 
+ 2 
~ 
no 





RTC HD146818 


HD46508 

HD46508-1 
ADU 

HD46508A 

HD46508A-1 


DP-24 Real Time Clock 
CMOS 0~+70 FP-24 plus RAM MC 146818 


Document Image 


DIPP ~ a 
HD63084* ft CMOS 0~+70 DP-64S | re-Processor 

Document Image Com- 

DICEP HD63085 * CMOS 0~+70 PC-72 pression and Expan- 
sion Processor 

DPRAM aa CMOS 0~+70 DP-48 aha Dual Port 

LCTC HDese45** | =| cmos -20~+75 ‘| FP-80 | LCD Timing Controller 

** aS Asynchronous Com- 
ACI HD64941 | | Nos | O0~+70 | OP-24N, munications Interface 


* Preliminary ** Under development *** Wide temperature range (-40~+85° C) version is available. 


Top: Plastic DIP, FP: Flat Plastic Package, DC: Ceramic DIP PGA: Pin Grid Array, PC: Ceramic Pin Grid Array, 
CP: Plastic Leaded Chip Carrier 


@ HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 











Compatibility 





Reference 


Page 


27 


27 


49 


49 


66 


99 


139 


139 


99 


181 


181 


193 


207 


644 


227 


305 
603 
641 


vil 
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# 16-BIT MICROCOMPUTER PERIPHERAL 


LSI Characteristics 


ins Clock 
MHz 

ii HD68230P8* fos | 
HD68230P10* | 10 

HD63450-6* fi Oe 
HD6s4508* | Le ot Al 

| HD63450-10* | 10s 

pmac _ |. HD63450-12" {125 | 
HD68450-4__ a ar 

HD68450-6 a ee 

HD68450-8 | 8 

HD68450-10 | 10 

"HD63463-4 | 4 

HDC HD63463-6 |cmMos| 6 | 
HD63463-8 a ae 

HD63484-4 is oe oe 

acrtc [Hpes4s46  |cmos| 6 
HD63484.8 ae 

Hi-Bi 
: Hi-Bi 


* Preliminary 


vill 


** Under development 





Operating 
Temperature 
(°C 


Supply 
Voltage Package 
(V) 


O~+70 


0~+70 


0~+70 
PGA68 
DC-48 
DP-48 
CP-52 
DC-64 
DP-64 
CP-68 


O~+70 


0~+70 


0~+70 
0~+70 


DP-64S 
CP-68 


0~+70 
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DP-64S | Graphic Memory 
CP-68 Interface Controller 
DC-48 


Compatibility 


DP-48 Parallel Interface MC68230L8 
oer MC68230L10 


Direct Memory 


Access Controller 


MC68450L4 
MC68450L6 


MC68450L8 


Direct Memory 
Access Controller 


Hard Disk 
Controller 


Advanced CRT 
Controller 


Graphic Video 
Attribute Controller 


MC68562 
SCN68562 


Dual Universal 


Serial Communica- 
tions Controller 
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Reference 
Page 


273 


307 


356 


404 


472 


531 


567 


600 
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= 8/16 BIT MICROCOMPUTER PERIPHERAL 



























LSI Characteristics 
baat Operating" t yo Reference 
Division Type No. Temperature | Package Compatibility Page 
(°C) 
HDG846 ete CRT Controller MC6845 139 
HD68A45 Era -20~+75' | DP-40 | (3.0 MHz High MC68A45 
HD68B45 [a Speed Display) MC68B45 
HD6845s ee CRT Controller Ne eee 
HD68A45S | 45 | -20~+75 | DP-40 | (3.7 MHz High 139 
HD68B45S i oie Speed Display) 
-20~ eae giaealed Pea eee! 
HD63A45* cmos| 15 | 20~+75 | DP-40 | Coeed Display) 99 
2 HD63B45* Sana ae 6800 type bustiming | 
5 CRT Controller 
- * ae (4.5 MHz High 
> HD6445-4 CMOS 20~+75 | DP-40 | So ooed Display) 99 
ret 80 type bus timing 
5 peseas [cmos] 2 | 60 | 20-876 | FPO | LOD Timing Controier | ———~«dYCSC~i 
HD63484-4 ae ae DC-64 [aaa 
~ —— | 
ACRTC | HD634846 |cmos}| 6 _| o~+70 | pp-e4 | Gavarced es 472 
HD63484-8 ee CP-68 | 
7 Hi-Bi DP-64S_ | Graphic Memory 
a Hi-Bi DP-64S Graphic Video 567 
g} | Hess es -20~475 ey, | eee aa 
E}AcIA | HD6360 a ee aaa 
Asynchronous 
§ HD63A50 cmos]; 15 | -20~+75 Communications Pt 8 
: H063850 [eee an Lo ee aS 
c HD6852 ee ae MC6852 
3 Synchronous Serial 
SSDA -20~+75 193 
E | 
O ae Dual Universal Serial SCN68562 
#4 2G Asynchronous Com- | scnzea1 
HD6840 = aaa MC6840 
HD68A40 415 -20~+75 | pp.28 | Programmable Timer | wicggaao 49 
- HD68B40 ae aa MC68B40 
g|P™  [xpesa0- a ae eee 
5 eae -20~ 28 | Programmabie Tamer [ 
8 HD63A40 CMOS 20~+75 | pP-28 | ,,cgran 49 
5 | HD63B40° i wae lees teed 
= DP-24 Real Time Clock 
a Ca A 
pyr | Hbe8230P8* i: a ae pp.ag | Parallel interface MC68230L8 <3) 
HD68230P10* | 10 Timer MC6&230L10 
2° HD63463-4 a ee DC48 aoe: 
<elHpc | HD63463-6 cmos} 6 | O~+70 | DP-48 | Hard Disk Controller | =| 404 





*Preliminary ** Under development *** Wide temperature range (—40 ~ +85°C) version 1s available) 


t DP: Plastic DIP, DC: Ceramic DIP, FP: Flat Plastic Package, PGA: Pin Grid Array, 
PC: Ceramic Pin Grid Array, CP: Plastic Leaded Chip Carrier 
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LSI Characteristics 
woe | ome fae] me | mn 
(MHz) (V) (°C) 
ae 8-Bit Direct 
| | 415 | -20~+75 DP-40 Memory Access 
2 ee Controller 
E ee 
© | DMac Pewee? scteg, (CO) eo Ol 
g Ise Bae PGA-68 | Controller 
é ie 
ee ee 
ies eel) aaa ae 
fe AO Controller 
| 125 
pemau| omer [ows] | se | om | ore | ee | 
ae | 50 | ovo | oras | Sm 
ae eee 
is 20-176 | pag | Periheral Interface 
san mae 
| HD6321* — DP-40 Peripheral Interface ae 
2 THT noe so -20~+75 FP-54 Adapter Ie sacs 
= he ee Boe See et 
Fg a Re et 
£ ADU | 45 | -20~475 DP-40 Analog Data ee ee 
é Pi Acquisition Unit aa 
as aan 
Document image 
geal or | rossose: [wos | roimm | so | oro [ovens | rome 
E a 8 Document Image 
loco HD63085* | CMOS 0~+70 | PC-72 | Compression and 
Expansion Processor 


* Preliminary ** Under development *** Wide temperature range (-40 ~ +85°C) version is available. 


Reference 
Page 


66 


356 


307 


305 


27 


27 


207 


273 


259 


+ DP: Plastic DIP, DC: Ceramic DIP, FP: Flat Plastic Package PGA: Pin Grid Array, PC: Ceramic Pin Grid Array, CP: Plastic leaded chip carrier 
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INTRODUCTION OF PACKAGES 


Hitachi microcomputer devices include various types of 
package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package suitable for the customers’ use, please refer to the 
following for Hitachi microcomputer packages. 


1. Package Classification 
There are pin insertion types, surface mounting types and 


Pin Insertion Type 


Package Classification 


Surface Mounting Type 


Multi-function Type 


Standard Outline 


Fiat Package 


Chip Carrier cc 
EPROM on the Package 
Type 


DIP; DUAL IN LINE PACKAGE 
S-DIP; SHRINK DUAL IN LINE PACKAGE 


PGA: PIN GRID ARRAY 





multi-function types, applicable to each kind of mounting 
method. Also, plastic and ceramic materials are offered ac- 
cording to use. 

Figure 1 shows the package classification according to the 
mounting types on the Printed Circuit Board (PCB) and the 
materials. 


FLAT-DIP 


SOP (Plastic) 
FPP (Plastic) 
PLCC (Plastic) 


LCC 
(Glass Sealed Ceramic) 


FLAT- 
QUIP 


FLAT-DIP; FLAT DUAL IN LINE PACKAGE 
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 


CC: CHIP CARRIER 


SOP;SMALL OUTLINE PACKAGE 
FPP; FLAT PLASTIC PACKAGE 

PLCC; PLASTIC LEADED CHIP CARRIER 
LCC ; LEADLESS CHIP CARRIER 


Figure 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 
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INTRODUCTION OF PACKAGES 


2. Type No. and Package Code Indication is identified by code as follows, illustrated in the data sheet of 
Type No. of Hitachi 8/16 bit microcomputer peripheral each device. 

device is followed by package material and outline specifica- When ordering, please write the package code beside the type 

tions, as shown below. The package type used for each device number. 


Type No. Indication 


HD x xX X XP 


(Note) The HD63450 with shrink type plastic DIP (DP-64S) has a dif- 
ferent type No. from other devices. Package Classification 


No Indication : Ceramic DIP 


ae H D 6 3 4 5 O P S 8 F ea or FRE. 


cP ; PLCC 
Y ; PGA (16-bit microcomputer device) 





Package designation 


Package Code Indication 


DP—645 






















Materials Number of Pins 


P :Plastic 
G ;Glass Sealed 

ceramic 
C ;Ceramic 


Additional Outline 
S;S-DIP 
N; Neet (skinny) 


Qutline 








(Note) PGA packages of 16-bit microcomputer devices have a different indication. 


Package Code Indication; Pp G A- 6 8 


Package Classification Number of Pins 
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3. Package Dimensional Outline 


Hitachi multi-chip microcomputer device employs the pack- 


Table 1 Package List 


Pin Insertion Type 





INTRODUCTION OF PACKAGES 


ages shown in Table 1 according to the mounting method on 
the PCB. 


Method of Mounting Package Classification Package Material Package Code 
DP-24 DP-24N 
DP-28 DP-40 
Standard Outline (DIP) DP-64 
DC-48 
DC-64 
psoe | Plastic | 
| PGA Glass Sealed Ceramic PGA-68 PC-72 
FLAT-DIP (SOP) FP-24 
FP-54 
FLAT-QUIP (FPP) FP-80 


Surface Mounting Type Flat Package 


Plastic DIP 


® DP-24 


31 6(1 244) 


24 32 Smax.(| 280max.) 13 


14 6max. 
(0 575max ) 


| 134 | 
(0 528) 


0 Simin 
(0 020min ) 


2 54min '5 7max 


25440 25 
(0 100+0010) 


(0019+0004) 


@ DP-24N 


31 6( 1 244) 
| 24 32 Smax.(1| 280max.) 13 | 
o 
3 
oS 


12 


aie 


(0 047) 


(0 020min ) 


2 54min ' 5 7max 
(0 1 00min )(09 224max.) 


254+025 
(0 100+0010) 


(0019+0 004) 


Hitachi America Ltd 








Scale: 1/1 


15 24 


(0 600) | 


oe~15 


aor o 


0 


1 00min )(0 224max ) 


e 


(0 


(Unit: mm) 


Scale: 1/1 


10 16 


(0 400) | 


a 


(00 


25h ¥ 
ogo 
o~1S° 


(Unit: mm) 
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INTRODUCTION OF PACKAGES 


Scale: 1/1 


35.6( 1.402) 
36.6max.( 1.44} max.) 15 


: 15 24 
(0.600) 


g20i8 
ovo 


o~15 


) 


| L. 
ha 


020min,) 


2.54min. 5. 7max 


(0.100min.) 


0.5i min. 
0.224max. 


(0 
( 


WAAR AAA 
2.54 + 0.25 
(0.100 + 0.010) (0019+ 0 004) 


(Unit: mm) 


Scale: 1/1 


(0.528) 
14.6max. 
(0.575max.) 


5.08max. 
(0.200max.) 


(0.100 + 0.010) (0.019 + 0.004) 


(0.1 00min.) 


Unit (mm) 


@ DP-48 


62.1 2(2.446) 
63.50max.(2.579max.) 


13.40(0.528) 
14.0max.(0.55| max.) 


15.24(0.600) 


5.08max. 
(0.200max.) 


TT AAA AALAAALL Lier 


2.54+0.25 0.48 +0.10 
(0.100 +0.010) (0.019 +0.004 ) 


(Unit: mm) 
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Scale : 1/1 


82 04 (3 230) 
83 22max.(3.276max ) 


-— 
™ 
N 
oo 
oS 
— 
So 
So 
~ 


21.6max 
(0 850max ) 


318min 5.08max 
(0 125min ) (0 200max ) 


254+025 048+01 
(0 100 +0 010) (0 019+0 004) 


(Unit: mm) 
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Ceramic DIP 


Scale: 1/1 


| 27(0.050) 


. se ce. ? 1 | 
15,24(0.600) 
5 6 
0.2528 bd 
£ (0.01 028 888) 
(Unit: mm) 


Scale: 1/1 


0.48 +0.| 2.54 +0.25 
(0.019+0.004) (0.100 +0.010) 


020min.) 


22 86 
(0 900) 
< 
€ 5 
@e 


0.2528 db 


0.51m 
(0 


DUT UUUVUTUATTETYVUTVYY IVI TTT 


(0 100+ 0.010) 


2.54min. 5.08m 
(0.100min.) (0.200max ) 
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Shrink Type Plastic DIP 


® DP-64S Scale: 1/1 


57.6(2.268) 
58.6max.(2.307max.) 


(0 669) 
18.2max. 
(0.71 7max.) 


19.05 


| (0 750) | 


WAAAY 
tts ss 


(0 019+ 0.004) 


(Unit: mm) 


Scale: 1/1 


22.86 +0 45 
(0 900 + 0.0187) 


) 2.54max. 


2.54+0.25 
(0.100+0.010) pout: !00max ) 


5.08max. 2.54min 
(0.200max ) (0.100mi 


PJ 


(0.01979 008) 


22.86 +0.45 
(0.900 + 0.018) 


(Unit: mm) 


Scale: 1/1 


25.4+0.45 
(1.000 + 0.018) 
2.54+0 25 


25.4 +0 45(1 000+ 0.018) 


(Unit: mm) 
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Plastic Leaded Chip Carrier 


<PLCC> 


Scale: 1/1 


2007+0 12 
(0 790 + 0 005) 


2£6 10(0017+0 004) 


oe 


1804465 
(0 71040 020) 


— 
cj 
— 
— 
—_ 
—j 
me 
wl a= 
a 
°o — 
+ =< 
~ — 
o L—-4 
[=) — 
i — 
—_ 
— 
i 
— 
-_ 
4 
.— 
= 


TRI | 
CoD 


(0 173 +0 008) 


1804+05 
(0 710 +0020) 


2554015 


(C 100 +0 006) 


(Unit: mm) 


Scale: 1/1 


25 15+ 012 
(0 990 + 0 005) 


25154012 
(0 990 + 0 005) 
24 20(0 953) 
2312405 

(0 910 +0 620) 


cL me ree g * rf 
__[| 0.42 +0 100 017 +0004) 





(0 100 +0 006) 


2554015 


44402 
(0 173 +0 008) 
_] 


23:12+05 
(0 910 + 0 020) 


(Unit: mm) 
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Fiat Package 


<SOP> 


Scale: 1/1 


15 80(0 622) 
16 2) max (0 638max ) 


(Unit: mm) 





<FPP> 


@FP-54 Scale : 3/2 


256+04 
(1.008 + 0.016) 2 9max 
(0 | 14max ) 


(0 787) 


4g 33 
32. 


14.0(0.551) 
196+0.4 
(0.772 + 0 016) 


035+01 


(0 039 + 0.006) (0 014+ 0 004) 0.15 +0.05 
(0,006 + 0.002) 


1,7+0.3 
(0 067 +0012) 


(Unit: mm) 


® FP-80 Scale: 3/2 
25.6+0 4(| 008+ 0.016) 2 9max. 
20 (0.1 14max ) 


(0.787) 4 


_Higannan uunnngnguna 


7\ 


ale 
ys ni o 
ait 
wo 
Fla 


-o 
wo 
i—) 
°o 
+1 
N 
~ 
Pr 
i—) 
— 


ZAU HEEL PEG 


pe 25 


= DUNT TTTTOTTTAT TWAT 


08+0.15 0.35+0.1 9 15+0.08 
(0 031 +0006) (0.014 + 0.004) (0 006 + 0.002) 


TTT TEE, 
J TOMTMMMUUen? \ o~ 15° 


2) 
710.067 + 0-01 . 
Lee (Unit: mm) 
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INTRODUCTION OF PACKAGES 


4. Mounting Method on Board 

Lead pins of the package have surface treatment, such as 
solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected to the package by 
eutectic solder. The following explains the common connecting 
method of leads and precautions. 


4.1 Mounting Method of Pin Insertion Type Package 

Insert lead pins of the package into through-holes (usually 
about ¢0.8mm) on the PCB. Soak the lead part of the package 
in a wave solder tub. 

Lead pins of the package are held by the through-holes. 
Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate the soldering process. 
When soldering the lead part of the package in the wave solder 
tub , be careful not to get the solder on the package, because 
the wave solder will damage it. 


4.2 Mounting Method of Surface Mounting Type Package 

Apply the specified quantity of solder paste to the pattern 
on any printed board by the screen printing method, and put a 
package on it. The package is now temporarily fixed to the 
printed board by the surface tension of the paste. The solder 
paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fixed 
together by the surface tension of the melted solder and the 
self alignment. 

The size of the pattern where the leads are attached, partly 
depending on paste material or furnace adjustment, should be 
1.1 to 1.3 times the leads’ width. 

The temperature of the reflowing furnace depends on pack- 
age material and also package types. Fig. 2 lists the adjustment 
of the reflowing furnace for FPP. Pre-heat the furnace to 150°C. 
The surface temperature of the resin should be kept at 235°C 
max. for 10 minutes or less. 


(1) The temperature of the leads should be kept at 260°C 
for 10 minutes or less. 

(2) The temperature of the resin should be kept at 235°C 
for 10 minutes or less. 

(3) Below is shown the temperature profile when soldering a 
package by the reflowing method. 


10 sec max 







235°C max 
140 ~ 160°C ae 


1~ 4°C/sec 


Temperature —> 


1~5°C/sec 





Time—————> 


Figure 2 Reflowing Furnace Adjustment for FPP 


Ensure good heater or temperature controls because the 
material of a plastic package is black epoxy-resin which damages 
easily. When an infrared heater is used, if the temperature is 
higher than the glass transition point of epoxy-resin (about 
150°C), for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature inside and outside 
the packages by lessening the heat of the upper surface of the 
packages. 

Leads of FPP may be easily bent under shipment or during 
handling and cannot be soldered onto the printed board. If 
they are, heat the bent leads again with a soldering iron to re- 
shape them. 

Use a rosin flux when soldering. Don’t use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 

Even if you use a rosin flux, remaining flux can cause the 
leads to deteriorate. Wash away flux from packages with 
alcohol, chlorothene or freon. But don’t leave these solvents 
on the packages for a long time because the marking may 
disappear. 


5. Marking 

Hitachi trademark, product type No., etc. are printed on 
packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products which have an old type No. and a 
standard type No. 
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Case |; Includes a standard type No. 


2 a, 
© CB 
»~HDSEB2TP 
© JAIRAN 


Case II; Includes an old type No. and a standard type No. 


@ic 
*AHD4@ESOSSP 
“ JABAIN 


HD6BS4SSP 





Meaning of Each Mark 


[tay [ries Track 
fer | ter Code 
Ce [Standard Type Nov 
td) 
| fe) 











Japan Mark 
Old Type No. 
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RELIABILITY AND QUALITY 


ASSURANCE 





1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality in Hitachi are to meet individual 
user’s purchase purpose and quality required, and to be at the 
satisfied quality level considering general marketability. Quality 
required by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not always definite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in 
manufacturing process, the key points should be to establish 
quality control system in the process and to enhance morale 
for quality. 

In addition, quality required by users on semiconductor 
devices is going toward higher level as performance of elec- 
tronic system in the market is going toward higher one and is 
expanding size and application fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 

(1) Build the reliability in design at the stage of new product 
development. 

(2) Build the quality at the sources of manufacturing process. 

(3) Execute the harder inspection and reliability confirmation 
of final products. 

(4) Make quality level higher with field data feed back. 

(5) Cooperate with research laboratories for higher quality 
and reliability. 

With the views and methods mentioned above, utmost efforts 
are made for users’ requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR 

DEVICES 
2.1 Reliability Targets 

Reliability target is the important factor in manufacture 
and sales as well as performance and price. It is not practical to 
rate reliability target with failure rate at the certain common 
test condition. The reliability target is determined correspond- 
ing to character of equipments taking design, manufacture, 
inner process quality control, screening and test method, etc. 
into consideration, and considering operating circumstances 
of equipments the semiconductor device used in, reliability 
target of system, derating applied in design, operating condition, 
maintenance, etc. 


2.2 Reliability Design 

To achieve the reliability required based on reliability targets, 
timely sude and execution of design standardization, device 
design (including process design, structure design), design 
review, reliability test are essential. 
(1) Design Standardization 

Establishment of design rule, and standardization of parts, 
material and process are necessary. As for design rule, critical 
items on quality and reliability are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized process, material, etc. are used, reliability risk is 
extremely small even in new development devices, only except 
for in the case special requirements in function needed. 
(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout design. 
Especially in the case new process and new material are em- 
ployed, technical study is deeply executed prior to device 


development. 
(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is useful method 

for design and process reliability evaluation of IC and LSI which 
have complicated functions. 
1. Purposes of Test Site are as follows; 

@ Making clear about fundamental failure mode 

@ Analysis of relation between failure mode and manufac- 
turing process condition 

@ Search for failure mechanism analysis 

@ Establishment of QC point in manufacturing 

2. Effectiveness of evaluation by Test Site are as follows; 

© Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 

@® Factors dominating failure mode can be picked up, and 
comparison can be made with process having been experi- 
enced in field. 

@ Able to analyze relation between failure causes and manu- 
facturing factors. 

@ Easy to run tests. 

etc. 


2.3 Design Review 

Design review is organized method to confirm that design 
satisfies the performance required including users’ and design 
work follows the specified ways, and whether or not technical 
improved items accumulated in test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint of enhancement of competitive power of prod- 
ucts, the major purpose of design review is to ensure quality 
and reliability of the products. In Hitachi, design review is 
performed from the planning stage for new products and even 
for design changed products. Items discussed and determined 
at design review are as follows; 

(1) Description of the products based on specified design 
documents. 

(2) From the standpoint of specialty of individual participants, 
design documents are studied, and if unclear matter is 
found, sub-program of calculation, experiments, investiga- 
tion, etc. will be carried out. 

(3) Determine contents of reliability and methods, etc. based 
on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for design change 
proposed by individual specialist, and for tests, experiments 
and calculation to confirm the design change. 

(7) Reference of past failure experiences with similar devices, 
confirmation of method to prevent them, and planning 
and execution of test program for confirmation of them. 
These studies and decisions are made using check lists 
made individually depending on the objects. 


3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR 
DEVICES 
3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as 
follows; 
(1) Problems in individual process should be solved in the 
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process. Therefore, at final product stage, the, potential 
failure factors have been already removed. 
(2) Feedback of information should be made to ensure satisfied 
level of process ability. 
(3) To assure reliability required as an result of the things 
mentioned above is the purpose of quality assurance. 
The followings are regarding device design, quality approval 
at mass production, inner process quality control, product 
inspection and reliability tests. 


3.2 Quality Approval 
To ensure quality and reliability required, quality approval 
is carried out at trial production stage of device design and 
mass production stage based on reliability design described at 
section 2. 
The views on quality approval are as follows; 
(1) The third party performs approval objectively from the 
standpoint of customers. 
(2) Fully consider past failure experiences and information 
from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on parts material and pro- 
cess. 
(5) Study process ability and fluctuation factor, and set up 
control points at mass production stage. 
Considering the views mentioned above, quality approval 
shown in Figure 1 is performed. 


3.3 Quality and Reliability Control at Mass Production 


For quality assurance of products in mass production, 
quality control is executed with organic division of functions 


Step 


Target 
Specification 
Design 


Trial picaane, Parts 
Production lin 





Parts 





Quality Approval (1 





Quality. Approval (2) | 


Mass 
Production 


Contents 


Characteristics of Material and 


Appearance 
Dimension 
Heat Resistance 
Mechanical 
Electrical 
Others 


Electrical 
Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 

Moisture Resistance 

Mechanical Stress 

Others 


Reliability Test 
Process Check same as 
Quality Approval (1) 


RELIABILITY AND QUALITY ASSURANCE 


in manufacturing department, quality assurance department, 
which are major, and other departments related. The total 
function flow is shown in Figure 2. The main points are 
described below. 


3.3.1 Quality Control of Parts and Material 

As the performance and the reliability of semiconductor 
devices are getting higher, importance is increasing in quality 
control of material and parts, which are crystal, lead frame, 
fine wire for wire bonding, package, to build products, and 
materials needed in manufacturing process, which are mask 
pattern and chemicals. Besides quality approval on parts and 
materials stated in section 3.2, the incoming inspection is, 
also, key in quality control of parts and materials. The in- 
coming inspection is performed based on incoming inspection 
specification following purchase specification and drawing, 
and sampling inspection is executed based on MIL-STD-105D 
mainly. 

The other activities of quality assurance are as follows: 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of outside 

vendors 

(3) Physical chemical analysis and test 

The typical check points of parts and materials are shown in 
Table 1. 


3.3.2 Inner Process Quality Control 

Inner process quality control is performing very important 
function in quality assurance of semiconductor devices. The 
following is description about control of semi-final products, 
final products, manufacturing facilities, measuring equipments, 


Purpose 






Confirmation of 
Characteristics and 

Reliability of Materials 
and Parts 






















Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 














Confirmation of Quality 
and Reliability in Design 








Confirmation of Quality 
and Reliability in Mass 
Production 


Figure 1 Flow Chart of Quality Approval 
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circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Figure 3 corresponding to 
the manufacturing process. 
(1) Quality Control of Semi-final Products and Final Products 
Potential failure factors of semiconductor devices should be 
removed preventively in manufacturing process. To achieve it, 
check points are set-up in each process, and products which 
have potential failure factor are not transfer to the next process. 
Especially, for high reliability semiconductor devices, manu- 
facturing line is rigidly selected, and the quality control in the 
manufacturing process is tightly executed — rigid check in 
each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high temperature 
aging and temperature cycling. Contents of inner process 
quality control are as follows; 
© Condition control on individual equipments and workers, 
and sampling check of semifinal products. 
Proposal and carrying-out improvement of work 
Education of workers 
Maintenance and improvement of yield 
Picking-up of quality problems, and execution of counter- 


Process 


Material, Parts 





Material, 
Parts 









Quality Control 





measures 
@ Transmission of information about quality 
(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 
Equipments for manufacturing semiconductor devices have 
been developing extraordinarily with necessary high perform- 
ance devices and improvement of production, and are important 
factors to determine quality and reliability. In Hitachi, auto- 
matization of manufacturing equipments are promoted to im- 
prove manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments 
and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform- 
ed daily based on specification related, and periodical inspection 
which is performed periodically. At the inspection, inspection 
points listed in the specification are checked one by one not to 
make any omission. As for adjustment and maintenance of 
measuring equipments, maintenance number, specification are 
checked one by one to maintain and improve quality. 
(3) Quality Control of Manufacturing Circumstances and Sub- 
materials 
Quality and reliability of semiconductor device is highly 


Method 





Lot Sampling, 







Inspection of 
Material and Parts 





(CS = 


| 
= 
l 
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Inspection on Material and 
Parts for Semiconductor 
Devices 


Manufacturing Equipment, 


Environment, Sub-material, 


Worker Control 


Inner Process 
Quality Control 


100% Inspection on 
Appearance and Electrical 
Characteristics 





Sampling Inspection on 
Appearance and Electrical 
Characteristics 





Reliability Test 


Quality Information 
Claim 
Field Experience 
General Quality 
Information 









Confirmation of 
Quality Level 





Confirmation of 
Quality Level 









Lot Sampling, 
Confirmation of 
Quality Level 





Testing, 
Inspection 





Lot Sampling 


‘Confirmation of 
Quality Level, Lot 


Sampling 





Feedback of 
Information 


Figure 2. Fiow Chart of Quality Control in Manufacturing Process 
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affected by manufacturing process. Therefore, the controls of 
manufacturing circumstances — temperature, humidity, dust — 
and the control of submaterials — gas, pure water — used in 


manufacturing process are intensively executed. Dust control Material, 
is described in more detail below. Earts 
Dust control is essential to realize higher integration and 
higher reliability of devices. In Hitachi, maintenance and im- 
provement of cleanness in manufacturing site are executed Wafer 
with paying intensive attention on buildings, facilities, air- 
conditioning systems, materials delivered-in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 
Mask 
3.3.3 Final Product Inspection and Reliability Assurance 
(1) Final Product Inspection 
Lot inspection is done by quality assurance department for Fine 
products which were judged as good products in 100% test, Wire for 
which is final process in manufacturing department. Though Wire 
100% of good products is expected, sampling inspection is Bonding 
executed to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confirm that 
the products meet users’ requirement, but to consider potential 
factors. Lot inspection is executed based on MIL-STD-105D. Brame 
(2) Reliability Assurance Tests 
To assure reliability of semiconductor devices, periodical 
reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 
Ceramic 
Package 
Plastic 
© HITACHI 
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Table 1 Quality Control Check Points of Material and Parts 



















(Example) 


Important 
Control Items 


Appearance 
Dimension 


Defect Density 
Crystal Axis 


Appearance 
Dimension 
Resistoration 
Gradation 





Appearance 


Dimension 
Purity 


Appearance 
Dimension 
Processing 
Accuracy 
Plating 
Mounting 
Characteristics 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 
Characteristics 
Electrical 
Characteristics 
Mechanical 
Strength 


Composition 
Electrical 


Characteristics 
Thermal 


Characteristics 
Molding 

Performance 
Mounting 

Characteristics 









Sheet Resistance 









Elongation Ratio 





Point for Check 


Damage and Contamina- 
tion on Surface 

Flatness 

Resistance 

Defect Numbers 


Defect Numbers, Scratch 
Dimension Level 


Uniformity of Gradation 


Contamination, Scratch, 
Bend, Twist 


Purity Level 
Mechanical Strength 


Contamination, Scratch 
Dimension Level 


Bondability, Solderability 
Heat Resistance 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 


Mechanical Strength 


Characteristics of 
Plastic Material 


Molding Performance 


Mounting Characteristics 
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Frame 


Process 
Purchase of Material 


Wafer 
| ) Surface Oxidation 


Inspection on Surface 


Oxidation 
Photo Resist 


Inspection on Photo Resist 
© PQC Level Check 


Diffusion 


Inspection on Diffusion 
© PQC Level Check 


Evaporation 


Inspection on Evaporation 
© PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 


Appearance 


© PQC Lot Judgement 


Assembling 


© PQC Level Check 


Inspection after 


Assembling 


© PQC Lot Judgement 


Sealing 


© PQC Level Check 
Final Electrical Inspection 
© Failure Analysis 


Appearance !nspection 
Sampling Inspection on 


Products 
Receiving 


Shipment 


Control Point 


Wafer 


Oxidation 


Photo 
Resist 


Diffusion 


Evapora- 
tion 


Wafer 


Chip 


Assembling 


Sealing 


Marking 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 


Gate Width 


Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, VTH Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compression 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Figure 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(VTH, etc.) Cleanness of surface, 
Prior Check of Vi 

Breakdown Voltage Check 


Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 
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Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 


; Failure Analysis 
Quality Assurance Dept. 
| Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
| Countermeasure 


& — 
| Quality Assurance Dept. 





Follow-up and Confirmation 
of Countermeasure Execution 


se ie 


Sates Engineering Dept. 


Reply 


Figure 4 Process Flow Chart of Field Failure 
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1. INTRODUCTION 2. PACKAGE AND CHIP STRUCTURE 
Microcomputer is required to provide higher reliability and 2.1 Package 
quality with increasing function, enlarging scale and widening The reliability of plastic molded type has been greatly im- 
application. To meet this demand, Hitachi is improving the proved, recently their applications have been expanded to auto- 
quality by evaluating reliability, building up quality in process, mobiles measuring and control systems, and computer terminal 
strengthening inspection and analyzing field data etc.. equipment operated under relatively severe conditions and 
This chapter describes reliability and quality assurance data production output and application of plastic molded type will 
for Hitachi 8-bit and 16-bit microcomputer Peripheral based on continue to increase. 
test and failure analysis results. More detail data and new infor- To meet such requirements, Hitachi has considerably im- 
mation will be reported in another reliability data sheet. proved moisture resistance, operation stability, and chip and 


plastic manufacturing process. 
Plastic and ceramic package type structure are shown in 
Figure 1 and Table 1. 


(1) Ceramic DIP (2) Plastic DIP (3) Plastic Flat Package 


Bonding wire 





Plastic 


Figure 1 Package Structure 


Table 1 Package Material and Properties 


iam Ftc Fat Poko 
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2.2 Chip Structure 
Hitachi microcomputers are produced in NMOS E/D tech- in both types because of high reliability and high density. 
nology or low power CMOS technology. Si-gate process is used Chip structure and basic circuit are shown in Figure 2. 


Si-Gate CMOS 


RES 


Drain Source Drain Source SiO, Source 


FET1 FET2 


N-channel P-channel 
DMOS EMOS 


N-channel 
N-channel EMOS 
EMOS 





Figure 2 Chip Structure and Basic Circuit 


3. QUALITY QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 
Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 


Table 2 Reliability Test Methods 


Test Items MIL-STD-883B Method No, 
Operating Life Test 125°C, 1000hr 1005,2 


High Temp, Storage Tstg max, 1000hr 1008, 1 
Low Temp, Storage Tstg min, 1000hr 

Steady State Humidity 65° Cc 95%RH, 1000hr 

Steady State Humidity Biased 85°C 85%RH, 1000hr 

Temperature Cycling -55" C~ 150° C, 10 cycles 1010,4 
Temperature Cycling -20° C~ 125° C, 200 cycles 

Thermal Shock 0° C: ~ 100°C, 100 cycles 1011,3 
Soldering Heat 260°C, 10 sec 

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2 
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005, 1 
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1 
Constant Acceleration 20000G, 1 min/X, Y, Z 2001,2 





Lead Integrity 225qr, 90° 3 times | | 2004,3 
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3.2 Reliability Test Result computer Peripheral devices in Table 8, Table 9. There is little 
Reliability Test Result of 8-bit microcomputer Peripheral difference according to device series, as the design and produc- 
devices is shown in Table 3 to Table 7, that of 16-bit micro- tion process, etc. are standardized. 


Table 3 Dynamic Life Test (8-bit microcomputer Peripheral) 


» 


HD6350 70000 
HD6321 45000 


* leakage current 


HD6821 266368 1 
HD6850 158000 0 
HD6852 125816 0 
HD6846 69000 0 
HD6843 66000 0 
HD6844 69000 0 
HD6845S 55000 0 
HD6840 64000 0 
HD46508 140000 0 
HD146818 44000 0 

0 

0 





Estimated Field Failure Rate 
= 0.01% / 1000 hrs at Ta = 75°C 
(Activation Energy = 0.7eV, Confidence Level 60%) 


Table 4 High Temperature, High Humidity Test (8-bit multi-chip microcomputer) (Moisture Resistance Test) 


(1) 85°C 85%RH Bias Test 


HD6850P 0/45 
HD6852P 0/22 
HD6843P 0/22 
HD6844P 0/22 
HD6845SP 0/137 
HD6840P 0/22 
HD46508P 0/22 
HD146818P 0/22 
HD6321P 0/22 
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(2) High Temperature-High Humidity Storage Life Test 









Device Type 1000 hrs 












HD6850P 65°C 95%RH 0/135 
HD6850P 80°C 90%RH 0/22 
HD6852P 85°C 95%RH 0/22 
HD6844P 80°C 90%RH 0/22 
HD6845SP 80°C 90%RH 0/22 
HD6840P 65°C 95%RH 0/22 
HD46508P 65°C 95%RH 0/70 
HD146818P 65°C 95%RH 0/45 
HD6350P 65°C 95%RH 0/70 









HD6321P 65°C 95%RH 


(3) Pressure Cooker Test 
(Condition ; 2atm 121°C) 

















200 hrs 


Device Type 


HD6821P 
HD6850P 
HD6843P 
HD6845SP 
HD46508P 
HD146818P 
HD6350P 
HD6321P 


* 
Aluminum corrosion 


(4) MIL-STD-883B Moisture Resistance Test 
(Condition; 65°C ~ -10°C, over 90%RH, Vcc = 5.5V) 


(Woy 
0/25 0/25 





40 cycles 
0/25 





Device Type 
HD6821P 
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Table 5 Temperature Cycling Test (8-bit microcomputer Peripheral ) (-55°C ~ 25°C ~ 150°C) 


Device Type 


HD6821P 
HD6850P 
HD6852P 
HD6843P 
HD6844P 
HD6845SP 
HD6840P 
HD46508P 
HD 146818P 
HD6350P 
HD6321P 


10 cycles 100 cycles 200 cycles 


1*/44 





Table 6 High Temperature, Low Temperature Storage Life Test (8-bit microcomputer peripheral) 






Device 


Peripheral total 


Test Item 


Thermal Shock 
Soldering Heat 


Salt Water Spray 
Solderability 
Drop Test 
Mechanical Shock 


Vibration Fatigue 


Vibration Variable Freq. 20G. 4 times/X. Y, Z 


Lead Integrity 


22 


150°C 0/110 0/110 
-55°C 0/88 0/88 
Table 7 Mechanical and Environmental Test (8-bit microcomputer peripheral) 


Plastic DIP Flat Plastic Package 
o°Cc ~ 100°C 0 
10 cycles 


35°C, NaCl 5% 0 
24 hrs 


Condition 


230°C, 5 sec. 0 
Rosin flux 

75cm, maple board 0 
3 times 

1500G, 0.5 ms 0 
3 times/X, Y, Z 

60 Hz, 20G 0 
32 hrs/X, Y, Z 

225 g, 90° 0 
Bonding 3 times 
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0/38 
0/38 
0/44 
0/44 
0/76 
0/22 
0/44 
0/22 
0/45 
0/45 


* Static damage 







1000 hrs 





RELIABILITY TEST DATA OF MICROCOMPUTER 


Table 8 Dynamic Life Test (16-bit microcomputer peripheral) \ 


Device Type 168 hrs 500 hrs 1000 hrs 


126°C 5.6V 
HDe8460 ; 0/44 0/44 0/44 
160°C 5.6V 0/32 0/32 0/32 


Estimated Field Fallure Rate 
= 0,013%/1000 hrs at Ta = 76°C 
(Activation Energy 0.7eV, Confidence Level 60%) 


Table 9 Mechanical and Environmental Test (16-bit microcomputer peripheral) 


Device Type 
Test Item 
HD68450 
lg Temperature Ta = 295°C, 1000 hrs 0/22 
Storage 
Low Temperature Storage Ta = -55°C, 1000 hrs 0/42 
Temperature ~55°C ~ 25°C ~ 150°C 0/45 
| Cycling (1) 10 cycles 
Temperature ~20°C ~ 25°C ~ 125°C 0/22 
Cycling (2) 500 cycles 
Thermal -55°C ~ 125°C 
Shock 15 cycles 0/22 
Soldering heat 260°C, 10 sec 0/22 
Solderability 230°C, 5 sec 0/22 
Mechanical 1500G, 0.5 msec 0/22 
Shock 3 times/X, Y, Z 
Vibration 20 ~ 2000 Hz, 20G 0/22 
Variable Freq. 3 times/X, Y, Z 
Constant 20000G 
Acceleration 1 min/X, Y,Z 0/22 
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RELIABILITY TEST DATA OF MICROCOMPUTER 


4. PRECAUTION 
4.1 Storage 

It is preferable to store semiconductor devices in the follow- 
ing ways to prevent detrioration in their electrical charac- 
teristics, solderability, and appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 30°C, and in a 
relative humidity of 40 to 60%. 

(2) Store in a clean air environment, free from dust and active 
gas. 

(3) Store in a container which does not induce static electric- 
ity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a long time, store 
them in the unfabricated form. If their lead wires are 
formed beforehand, bent parts may corrode during storage. 

(6) If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un- 
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpacked devices must not be 
stored for over 3 months. 

(7) Take care not to allow condensation during storage due to 
rapid temperature changes. 


4.2 Transportation 

As with storage methods, general precautions for other 
electronic component parts are applicable to the transporta- 
tion of semiconductors, semiconductor-incorporating units 
and other similar systems. In addition, the following considera- 
tions must be given, too: 


(1) Use containers or jigs which will not induce static electric- 
ity as the result of vibration during transportation. It is 
desirable to use an electrically conductive container or 
aluminium foil. 

(2) In order to prevent device breakage from clothes-induced 
static electricity, workers should be properly grounded with 
a resistor while handling devices. The resistor of about 1 M 
ohm must be provided near the worker to protect from 
electric shock. 

(3) When transporting the printed circuit boards on which 
semiconductor devices are mounted, suitable preventive 
measures against static electricity induction must be taken; 
for example, voltage built-up is prevented by shorting 
terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 
some surface treatment. 

(4) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. 


4.3 Handling for Measurement 

Avoid static electricity, noise and surge-voltage when semi- 
conductor devices are measured. It is possible to prevent break- 
age by shorting their terminal circuits to equalize electrical 
potential during transportation. However, when the devices are 
to be measured or mounted, their terminals are left open to 
provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 


which leaks current or has a static charge. Take care not to. 


allow curve tracers, synchroscopes, pulse generators, D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 

Especially, while the devices are being tested, take care not 





to apply surge voltage from the tester, to attach a clamping 
circuit to the tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and short-circuiting. 
When inspecting a printed circuit board, make sure that no 
soldering bridge or foreign matter exists before turning on the 
power switch. 

Since these precautions depend upon the types of semi- 
conductor devices, contact Hitachi for further details. 


4.4 Soldering 

Semiconductor devices should not be left at high tempera- 
tures for a long time. Regardless of the soldering method, 
soldering must be done in a short time and at the lowest pos- 
sible temperature. Soldering work must meet soldering heat test 
conditions, namely, 260°C for 10 seconds and 350°C for 3 
seconds at a point 1 to 1.5 mm away from the end of the device 
package. 

Use of a strong alkali or acid flux may corrode the leads, 
deteriorating device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup- 
plied by a transformer and grounded to protect from lead 
current. Solder the leads at the farthest point from the device 
package. 


4.5 Removing Residual Flux 
To ensure the reliability of electronic systems, residual flux 
must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic molded devices, package corrosion may occur. Since 
cleaning over extended periods or at high temperatures will 
cause swollen chip coating due to solvent permeation, select the 
type of detergent and cleaning condition carefully. Lotus 
Solvent and Dyfron Solvent are recommended as a detergent. 
Do not use any trichloroethylene solvent. For ultrasonic clean- 
ing, the following conditions are advisable: 
@ Frequency: 28 to 29 kHz (to avoid device resonation) 
@ Ultrasonic output: 15W/2 
e@ Keep the devices out of direct contact with the power 
generator. 
e@ Cleaning time: Less than 30 seconds 
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HD6321 /HD6821 
P1A (Peripheral Interface Adapter) 


The HD6321/HD6821 Peripheral Interface Adapter provides 
the universal means of interfacing peripheral equipment to the HD6321P, HD6821P 
HD6800 Microprocessing Unit (MPU). This device is capable 
of interfacing the MPU to peripherals through two 8-bit bi- 
directional peripheral data buses and four control lines. No 
external logic is required for interfacing to most peripheral 
devices. 

The functional configuration of the PIA is programmed by 
the MPU during system initialization. Each of the peripheral 
data lines can be programmed to act as an input or output, and 
each of the four control/interrupt lines may be programmed for 
one of several control modes. This allows a high degree of 
flexibility in the over-all operation of the interface. 


FEATURES 

@ Two Bi-directional 8-bit Peripheral Data Bus for interface to HD6321FP 
Peripheral devices 

@ Two programmable control, Data Direction Registers 

@ Four Individually Controlled Interrupt Input Lines: Two 
Usable as Peripheral Contro! Outputs 

® Handshake Control Logic for Input and Output Peripheral 


Operation 
CA, ; CA, eee Port A (PAy i PA.) 
CA,, CB, ..... Port B (PBp ~ PB-) 


e@ High-lmpedance 3-State and Direct Transistor Drive Periphe- 
ral Lines 
® Two TTL Drive Capability on All A and B Side Buffers 


—HD6321— 





® Low-Power, High-Speed, High-Density CMOS (FP-54) 
® Wide Range Operating Voltage (Vcc = 5V + 10%) 
® Compatible with NMOS PIA (HD6821) (Refer to Electrical The specifications of the HD6321 are for preliminary and may 
Specification as to Minor difference) change hereafter. Please make an inquire at sales office upon 
adoption of the HD6321. 
—HD6821— 


@ Compatible with MC6821, MC68A21 and MC68B21 


# TYPE OF PRODUCTS 


Clock Frequency 


1.0 MHz 
1.5 MHz 
2.0 MHz 












Package 
DP-40 
FP-54 





HD6321 
HD63A21 
HD63B21 


HD6821 
HD68A21 
HD68B21 











DP-40 
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HD6321/HD6821 


=» PIN ARRANGEMENT 
® HD6321P, HD6821P @ HD6321FP 





(Top View) (Top View) 


@ BLOCK DIAGRAM 


Control Control A CA: 
























ster A 
Oo ie Ree RAl =e 
0, Data Direction 
D2 Register A 
Ds (DORA) 
Oa 
Os 
Oc PAo 
0, PA, 
PA2 
q Peripheral PA; 
Interface PAs 
Bus Input PAs 
Register PAs 
(BIR) PA, 
Vec PBo 
Vss PB, 
CSo peshegnchel >; 
CS: chip Interface Pa. 
cs: Select Pes 
RSo and PBs 
RS. RAW PB, 
R/W 


Control 


e 
RES Data Direction 
Register B 
(DORB) 


interrupt Status cB, 
IRQB Control B CB2 
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HD6321/HD6821 


= ABSOLUTE MAXIMUM RATINGS 


HD6821 one 


-0.3 ~ +7.0 v 
03~ +70 v 
Maximum Output Current 


Maximum Total Output Current | Zlo |*** | 100s” 
Operating Temperature Topr —20 ~ +75 —20 ~ +75 =C 
Storage Temperature Tstg —55 ~ +150 —55 ~ +150 ne 


* With respect to Vss (SYSTEM GND) 


** Maximum output current is the maximum current which can flow in or flow out from one output terminal and |/O common 
terminal, (PAg~PA7, CA2, PBg ~PB7, CB2, Do~D7) 


*** Maximum total output current is the total sum of output current which can flow in or flow out simultaneously from output 
terminals and 1/O common terminals. (PAg~PA7, CAz, PBg ~PB7, CB2, Do~ D7) 


Item Symbol 


Supply Voltage 
Input Voltage 


3 
> 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 


ae Sibel HD6321 an a Unit 
Tmin [typ [max [min] 
Ca v 


Supply Voltage Veo* | 45 | 50 | 55 | 4.75 _| 
Input “Low” Voltage | Vin* | -03 | - | 08 | v 


Do~ o 
| PAg, CAr, CAg 
Hist High” | pp ~PB, Vec 
voltage CB,, CB, 
CS, ,CS1,RSo, Vec 
RS,, RES 


Operating Temperature | Topr | -20 | 25 | 75 | 


* With respect to Vgg (SYSTEM GND) 
** Characteristics will be improved. 


Vcc V 
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106321 /10682)- = SS SSS SS SSS SS Se 


a ELECTRICAL CHARACTERISTICS ; 
© DC CHARACTERISTICS (HD6321; Veg = 5V +10%, HD6821; Vcc = 5V +5%, Vss = OV, Ta = —20 ~+75 C, unless otherwise noted.) 


HD6821 


sais symbot }—————___Hees21 | wet 
meen [oka ae [Gaon nT [a 


Do~D-+, PAg~PA<~, 
Vec | V 
|= [os 


CA, CA2,PBo~PB7, 
2.5 uA 






CB,, CBz 
E, R/W, CSo, CS2 


CS;, RSg, RS;, RES 
Input “Low” Voltage All Inputs VIL 


RW, RES, RSo, RS, 
CSo, CS;, CS2, CA,, 
CB,,E 


Three State (Off State) PAg~PA7, CA2 


Input ‘High’ Voltage 






Input Leakage Current 


< 
x 
iz 





i A 
Input Current Do~D7, PBo~PB7,CB,| °! ro [ [10] " 
aiken OH at 


PAy~PAz, CA; lOH=—400uA | 4.1 


Output “High” Voltage PBo ~PB,, CB2 VOH lo " < —10uA Ve -0.1 


\ 











PAg~PA7, CA2 2aee | — | — | 
iOH= = 10H |Veo-O.4] — | = 
PBo ~PB7, CB, loH=~200uA | 24 | — | - | 
Do~Dz, IRA, ROB lo.-=1.6ma | - | — | o4tior=16ma | — | - [0.4] 
Output “Low” Voltage PAg~PA4, CA Vv i = 1.6mA | — | - [oa 
p 9g 0 7 2 OL lol = 3.2mA OL V 
PB) ~PBz, CB, lor=3.2ma | - | - |06| 
Do ~ 0 Vvon=2.4v | 205 | - | - | uA 
Output “High” Current | PAg~PA7, CA2 VoH=2.4V**} -200 | — | — | ya 
PBo ~PBy, CB2 von=1.5v__| -1.0 | — |-10| ma 
Output Leakage Current} -=~— -==- 
IRQA, IROB 
(Off State) | 'LOH cia 
PAy~PA7, PBy~PB4 | 
: CA2, CB2, D9~D7 
Input Capacitance adeank Cc F 
Pope RW. RES, RS, RS, im : 
CSo, CS;, CS2, CA, . 
CB,,E 
| ePAo ~PA7, CA2, PBo~ 
PB+, CB, are specified 
as input. 
eChip is not selected. LA 
elnput level 
5 ae me Vin min = Vee — 0 8V 
\ Supply Current Vi_ max = 0.8V 
a 
PByo~PB-, CB are 
eUnder Data Bus R/W 
Power Disation ee 


7 Ta = 25°C, Vec = 5.0V 

“* Characteristics will be improved. 

*** HD68B21; VoH =2.2V min (PAg~PA7, CA2) 

**** Supply current is defined on the condition that there is no current flow from output terminals. Supply current will be increased when the 
current from output terminal exists. Also the current will be increased for charging and discharging the capacitive load. Please take this 
case into consideration in estimating system power. 
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HD6321/HD6821 


@ AC CHARACTERISTICS (HD6321; Veg = 5V + 10%, HD6821; Veg= 5V + 5%, Vss = OV, Ta = —20 ~ +75°C unless otherwise noted) 


1. PERIPHERAL TIMING 


Item 


Peripheral Data Setup Time 
Peripheral Data Hold Time 


Delay Time, Enable negative 
Transition to CA2 negative 
transition 


Delay Time, Enable negative 
transition to CA, positive 
transition 


Rise and Fall Times for CA, 
and CA, input signals 





Delay Time from CA, 
active transition to CA, 
positive transition 


Delay Time, Enable negative 
transition to Peripheral Data 
Valid 


Delay Time, Enable negative 
transition to Peripheral 
CMOS Data Valid 


Delay Time, Enable positive 
transition to CB, negative 
position 


Delay Time, Peripheral Data 
Valid to CBz negative 
transition 


Delay Time, Enable positive 
transition to CB2 positive 
transition 


Peripheral Control Output 
Pulse Width, CA,/CB 


Rise and Fall Time for CB 1 
and CB, input signals 


Delay Time, CB, active 
transition to CB2 positive 
transition 


interrupt Release Time, 
IRQA and IROQOB 


Interrupt Response Time 
Interrupt Input Pulse Width 


Reset ‘’Low’’ Time 


Enable — CA, Negative 





CA,, CA, 


Enable—Peripheral Data 


Enable -» Peripheral 
Data 


Peripheral Data > CB, 





Enable > CB, 


CB; >CB, 
IROA, IROB 


IROA, IROB 


CA,, CA;, CB;, CB, 





1 


trs 


Eanes | ete 


Fig. 6, Fig. 7 


cycle 





* The Reset line must be “High’’ a minimum of 1.QOus before addressing the PIA. 


** At least one Enable ‘‘High’’ pulse should be included in this period. 
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| HD6321__ HD63A21_ | HD63B21 HD6821 HD68A21 


H068B21 


Unit 
[max [min [max | 
|= [100 | — [ns 
p= | 0] - [os 
000] — [re] we 
| = _[poore| | ns 
| - | 500} - | ns 

31 


HD6321/HD6821 


2. BUS TIMING 


1) READ 


item 
Enable Cycle Time 
Enable Pulse Width, ‘‘High’’ 
Enable Pulse Width, ‘‘Low”’ 
Enable Pulse Rise and Fall Times 
Setup Time 
Address Hold Time 
Data Delay Time 
Data Hold Time 


* Characteristics will be improved. 


2) WRITE 


item 


Enable Cycle Time 

Enable Pulse Width, ‘*High”’ 

Enable Pulse Width, ‘’Low” 

Enable Pulse Rise and Fall Times 

Setup Time 

Address Hold Time 
Data Setup Time 

Data Hold Time 


* Characteristics will be improved. 
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Enable 





Figure 1 Peripheral Data Setup and Hold Times (Read Mode) 





Enable Vie max 
CA, 
tca2 
CA, tf 
VoL max** 


Figure 3 CA, Delay Time 
(Read Mode; CRA5=1, CRA3=CRA4=0) 


Enable 


PB, ~PB, 





cB, Vec-2.0V *** 


(Note) CB, goes “Low” asa result of the 
positive transition of Enable. 


Figure 5 Peripheral Data and CB2 Delay Times 
(Write Mode; CRB5=CRB3=1, CRB4=0) 





Enable Vin min 
—_—__—————----- 
CB, 
tce2 
HER 


* Assumes part was deselected during 
any previous E pulse. 


Figure 7 CB, Delay Time 
(Write Mode; CRB5=1, CRB3=CRB4=0) 


** 0.6V for HD6321, 0.4V for HD6821 
*** 2.4V for HD6821 


HD6321/HD6821 


Enable 


CA, 





* Assumes part was deselected during 
the previous E pulse. 


Figure 2 CA, Delay Time 
(Read Mode; CRA5=CRA3=1, CRA4=0) 


Enable 





Figure 4 Peripheral Data Delay Times 
(Write Mode; CRA5=CRA3=1, CRA4=0) 


Enable 





trs1* 


HER 
cB, Vec ~2.0V 


* Assumes part was deselected during the 
previous E pulse. 


Figure 6 CB, Delay Time 
(Write Mode; CRB5=CRB3=1, CRB4=0) 


CA, , CA, 
CB, , CB, 


IROA, TROB 





* Assumes Interrupt Enable Bits are set. 


Figure 8 Interrupt Pulse Width and {RO Response 
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f 


HD6321/HD6821 


Enable en Vin min 


Vec ~2 ov*** 


ViL max 


* The RES line must be a V; 4 for a minimum of 
1.0 us before addressing the PIA. 


Figure 9 IRQ Release Time 







Enable 


Data Bus 


Figure 12 Bus Read Timing Characteristics 
(Read Information from PIA) 


LOAD A 
(PA,~PA,, PB, ~PB,, CA,, CB,) 


5.0V 






Test Point 


C=40pF 
R=10k2 (HD6321), 12k2 (HD6821) 


All diodes are1$2074@)or equivalent. 


Adjust R,_ so that Io, = 1.6mA, then test Vox. 
Adjust R,_ so that lo, = 3.2mA, then test Voy 


LOAD C 
(TRO Only) 
5.0V 
3kQ 
Test Point 


in 


tat —— 


Figure 10 RES Low Time 













Enable 


RS, Ving min 

CS, 

R/W Vig max 
'DHW 

Data Bus Ving min 


Figure 13 Bus Write Timing Characteristics 
(Write Information into PIA) 


** 0.6V for HD6321, 0.4V for HD6821. 
*** 2.4V for HD6821. 


LOAD B 
(D,~D,) 
5.0V 
Rv =2.4k2 
Test Point O 
C R 
C=13 


OpF 
R=10k2 (HD6321), 11k (HD6821) 


LOAD D (HD6821) 


(CMOS Load) Test Point 


(PAg~PA7, CA2) | 


30pF 


Figure 14 Bus Timing Test Loads 


@ HITACHI 
34 Hitachi America Ltd. * 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


@ PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the HD6800 MPU with an eight-bit 
bi-directional data bus, three chip select lines, two register select 
lines, two interrupt request lines, read/write line, enable line and 
reset line. These signals, in conjunction with the HD6800 
VMA output, permit the MPU to have complete control over 
the PIA. VMA should be utilized in conjunction with an MPU 
address line into a chip select of the PIA. 

e Bi-Directional Data (Dy ~D-) 


Input Pin No. 33 ~ 26 (DP-40) 


Pin No. 43 ~ 36 (FP-54) 





The bi-directional data lines (Do ~ D7) allow the transfer of 
data between the MPU and the PIA. The data bus output drivers 
are three-state devices that remain in the high-impedance (off) 
state except when the MPU performs a PIA read operation. The 
R/W line is in the Read (““High’’) state when the PIA is selected 
for a Read operation. 

e Enable (E) 


Pin No. 25 (DP-40) 
Pin No. 32 (FP-54) 


Input/Output 





The enable pulse, E, is the only timing signal that is supplied 
to the PIA. Timing of all other signals is referenced to the 
leading and trailing edges of the E pulse. This signal will 
normally be a derivative of the HMCS6800 System ¢, Clock. 
This signal must be continuous clock pulse. 

e Read/Write (R/W) 


Pin No. 21 (DP-40) 





Pin No. 28 (FP-54) 


This signal is generated by the MPU to control the direction 
of data transfers on the Data Bus. A “Low” state on the PIA 
line enables the input buffers and data is transferred from the 
MPU to the PIA on the E signal if the device has been selected. 
A “High” on the R/W line sets up the PIA for a transfer of data 
to the bus. The PIA output buffers are enabled when the proper 
address and the enable pulse E are present. 

e Reset (RES) 


Pin No. 34 (DP-40) 


Pin No. 44 (FP-54) 





The active ““Low” RES line is used to reset all register bits in 
the PIA to a logical zero “Low”. This line can be used as a 
power-on reset and as a master reset during system operation. 


© Chip Select (CS), CS, and CS,) 


HD6321/HD6821 


Input Pin No. 22, 24, 23 (DP-40) 


Pin No. 29, 31, 30 (FP-54) 





These three input signals are used to select the PIA. CSo and 
CS, must be “High” and CS. must be “Low” for selection of 
the device. Data transfers are then performed under the control 
of the E and R/W signals. The chip select lines must be stable 
for the duration of the E pulse. The device is deselected when 
any of the chip selects are in the inactive state. 

e Register Select (RS, and RS,) 


Pin No. 36, 35 (DP-40) 


Pin No. 50, 45 (FP-54) 





The two register select lines are used to select the various 
registers inside the PIA. These two lines are used in conjunction 
with internal Control Registers to select a particular register that 
is to be written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 

e Interrupt Request (IROQA and IROB) 


Pin No. 38, 37 (DP-40) 


Pin No. 52, 51 (FP-54) 





The active “Low” Interrupt Request lines (IRQA and IRQB) 
act to interrupt the MPU either directly or through interrupt 
priority circuitry. These lines are “open drain” (no load device 
on the chip). This permits all interrupt request lines to be tied 
together in a wire-OR configuration. 

Each IRQ line has two internal interrupt flag bits that can 
cause the IRQ line to go “Low ”’. Each flag bit is associated with 
a particular peripheral interrupt line. Also four interrupt enable 
bits are provided in the PIA which may be used to inhibit a 
particular interrupt from a peripheral device. 

Servicing an interrupt by the MPU may be accomplished by a 
software routine that, on a prioritized basis, sequentially reads 
and tests the two control registers in each PIA for interrupt flag 
bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an MPU 
Read Peripheral Data Operation of the corresponding data 
register. After being cleared, the interrupt flag bit cannot be 
enabled to be set until the PIA is deselected during an E pulse. 
The E pulse is used to condition the interrupt control lines 
(CA,, CA,, CB,, CB, ). When these lines are used as interrupt 
inputs at least one E pulse must occur from the inactive edge to 
the active edge of the interrupt input signal to condition the 
edge sense network. If the interrupt flag has been enabled and 
the edge sense circuit has been properly conditioned, the 
interrupt flag will be set on the next actjve transition of the 
interrupt input pin. 
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« PIA PERIPHERAL INTERFACE LINES 

The PIA provides two 8-bit bi-directional data buses and four 
interrupt/control lines for interfacing to peripheral devices. 

There is difference between HD6821 and HD6321 in Port 
structure. Fig. 15 shows the block diagram of Port A and Port 
B in HD6321. The output drivers of Port A and Port B consist 
Of three-state drivers, allowing them to enter a High-impedance 
state when the peripheral data line is used as an input. Port A 
and Port B have the same output buffer. But the circuit con- 
figuration is slightly different and this makes the difference on 
data flow when MPU reads Port A and Port B in the case each 


to Internal data bus 
Data Bus 









3-State 
Buffers 





(a) Port A 


+5 






To Date 
Bus 
From ORA 


From ODRA 


(a) Port A 


Port is specified as output. As shown in Fig. 15, the output of 
the peripheral data A is transferred to internal data bus when 
used a8 output. On the other hand, in the case of Port B the 
contents of output register (ORB) is directly transferred to 
internal data bus through the multiplexor. 

Secondly the equivalent circuit of the port in HD6821 is 
shown in Fig. 16. The output circuits of A port is different 
from that of B port. When the port is used as input, the input 
is pullup to Vcc side through load MOS in A port and B port 
becomes “Off” (high impedance). 


Internal data bus 


to 
Data Bus 










3State 
Buffers 


(b) Port B 
Figure 15 Block Diagram of Port A and Port B (HD6321) 


From DDR B 
+5 


PBx 


-From ORB 


(b) Port B 


Figure 16 Circuit of Port A and Port B (HD6821) 
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@ Port A Peripheral Data (PA, ~PA;) 


Input/Output Pin No.2~ 9 (DP-40) 


Pin No. 2~ 5,9~ 12 (FP-54) 


HD6321/HD6821 
@ Peripheral Control (CA, } 


Pin No. 39 (DP-40) 
Pin No. 53 (FP-54) 


Input/Output 





Each of the peripheral data lines can be programmed to act 
as an input or output. This is accomplished by setting a “1” in 
the corresponding Data Direction Register bit for those lines 
which are to be outputs. A “0” in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act as 
an input. During an MPU Read Peripheral Data Operation, the 
data on peripheral lines programmed to act as inputs appears 
directly on the corresponding MPU Data Bus lines. 

The data in Output Register A will appear on the peripheral 
data lines that are programmed to be outputs. A logical “1” 
written into the register will cause a “High” on the correspond- 
ing peripheral data line while a “0” results in a “Low”. Data in 
Output Register A may be read by an MPU “Read Peripheral 
Data A” operation when the corresponding lines are programm- 
ed as outputs. 

But concerning HD6821, this data will be read properly if 
the voltage on the peripheral data lines is greater than 2.0 volts 
for a logic “1” output and less than 0.8 volt for a logic “O” 
output. Loading the output lines such that the voltage on these 
lines does not reach full voltage causes the data transferred into 
the MPU on a Read operation to differ from that contained 
in the respective bit of Output Register A. 


© Port B Peripheral Data (PB) ~ PB-) 


Input/Output Pin No. 10 ~ 17 (DP40) 


Pin No. 13 ~ 18, 23 ~ 24 (FP-54 





Each of the Port B peripheral data bus can be programmed 
to act as an input or output like PAy ~ PA,. 

PBy ~ PB, are in High-impedance condition because they 
are three-state outputs just like PAg ~ PBy when the peripheral 
buses are used as inputs, when programmed as outputs, MPU 
read of Port B make it possible to read the output register 
regardless of PBy ~ PB, loads and concerning HD6821, these 
line may be used as a source of up to 2.5 milliampare (typ.) 
at 1.5 volt to directly drive the base of transistor switch. 


@ Interrupt Input (CA; and CB, ) 


Pin No. 40, 18 (DP-40) 


Pin No. 54, 25 (FP-54) 





The peripheral Input lines CA, , and CB, are input only lines 
that set the interrupt flags of the control registers. The active 
transition for these signals is also programmed by the two con- 
trol registers. 


The peripheral control line CA, can be programmed to act 
as an interrupt input or as a peripheral control output. 

The function of this signal is programmed by the Control 
Register A. When used as an input, this signal is in High-im- 
pedance state. 


@ Peripheral Control (CB, ) 


Input/Output 


Pin No. 19 (DP-40) 
Pin No. 26 (FP-54) 





The peripheral Control line CB, may also be programmed to 
act as an interrupt input or peripheral control output. 

This line is programmed by Control Register B. 

When used as an input, this signal is in High-impedance. 
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(NOTE) 1. Pulse width of interrupt inputs CA,,CA,, CB, and 
CB, shall be greater than a E cycle time. In the case 
that “High” time of E signal is not contained in 
Interrupt pulse, an interrupt flag may not be set. 


[Nee ee 


Interrupt 
Input 
lore then a Cycle Time 


= INTERNAL CONTROLS 

There are six locations within the PIA accessible to the MPU 
data bus: two Peripheral Registers, two Data Direction Re- 
gisters, and two Control Registers. Selection of these locations is 
controlled by the RS, and RS; inputs together with bit 2 in the 
Control Register, as shown in Table 1. 


Table 1 Internal Addressing 


Register Bit 
RS a | CRB2 | Location Selected 
Peripheral Register A* 
Data Direction Register A 
Control Register A 
Peripheral Register B* 
Data Direction Register B 
Control Register B 


—=imti sj Oro; oO 


x = Don’t Care 
* Peripheral interface register is a generic term containing peripheral 
data bus and output register. 


@ Initialization 

A “Low” reset line has the effect of zeroing all PIA registers. 
This will set PAy ~PA, > PBy~PB, ’ CA, and CB, as inputs, and 
all interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

Details of possible configurations of the Data Direction and 
Control Register are as follows. 


@ Data Direction Registers (DDRA and DDRB) 

The two Data Direction Registers allow the MPU to control 
the direction of data through each corresponding peripheral 
data line. A Data Direction Register bit set at “O” configures the 
corresponding peripheral data line as an input; a “1” results in 
an output. 


© Control Registers (CRA and CRB) 
The two Control Registers (CRA and CRB) allow the MPU to 








control the operation of the four peripheral control lines CA;, 
CA;, CB, and CB,. In addition they allow the MPU to enable 
the interrupt lines and monitor the status of the interrupt flags. 
Bits 0 through 5 of the two registers may be written or read by 
the MPU when the proper chip select and register select signals 
are applied, Bits 6 and 7 of the two registers are read only and 
are modified by external interrupts occurring on control lines 
CA;, CA;, CB, or CB,. The format of the control words is 
shown in Table 2. 


Table 2 Control Word Format 


Access 


7a ee rata ah tO 
ccess 


Data Direction Access Control Bit (CRA2 and CRB2) 

Bit 2 in each Control register (CRA and CRB) allows 
selection of either a Peripheral Interface Register or the Data 
Direction Register when the proper register select signals are 
applied to RSp and RS,. 

Interrupt Flags (CRA6, CRA7, CRB6, and CRB7) 

The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines when 
those lines are programmed to be inputs. These bits cannot be 
set directly from the MPU Data Bus and are reset indirectly by a 
Read Peripheral Data Operation on the appropriate section. 
Control of CA, and CB, Interrupt Lines (CRAO, CRBO, CRA1, 
and CRB1) 

The two lowest order bits of the control registers are used to 
control the interrupt input lines CA, and CB,. Bits CRAO and 
CRBO are used to enable the MPU interrupt signals IRQA and 
TROB, respectively. Bits CRA1 and CRBI determine the active 
transition of the interrupt input signals CA, and CB, (Table 3) 
Control of CA, and CB, Peripheral Control Lines (CRA3, 
CRA4, CRAS, CRB3, CRB4, and CRB5) 

Bits 3, 4 and 5 of the two control registers are used to 
control the CA, and CB, Peripheral Control lines. These bits 
determine if the control lines will be an interrupt input or an 
output control signal. If bit CRAS (CRBS) is “0” CA, (CB2) 
is an interrupt input line similar to CA1 (CB1) (Table 4). When 
CRAS (CRBS) is ‘1’, CA, (CB2) becomes an output signal 
that may be used to control peripheral data transfers. When in 
the output mode, CA, and CB, have slightly different 
characteristics (Table 5 and 6). 
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Table 3 Control of Interrupt Inputs CA; and CB, 


CRA1 CRAO Interrupt Input Interrupt Flag ser alla 
(CRB1) (CRBO) CA, (CB;) CRA7 (CRB7) TROA (TRGB) 
oe 9 Ud 


0 + Active Set an rae : 3 CA; Goes ‘Low’ when the Inter- 
rupt flag bit CRA7 (CRB7) 
goes a ba 

1 t Active Set 1" on t of CA, Disabled — |RQ remains 

(CB; ) “High” 
1 t Active Set "1’’ on f of CA, Goes ‘‘Low” when the inter: 
(CB, ) rupt flag bit CRA7 (CRB7) 
goes ee de 
(Notes) 1. t indicates positive transition (‘‘Low” to ‘‘High’’) 


. 4+ indicates negative transition (“‘High’’ to ‘“‘Low’’) 

. The Interrupt flag bit CRA7 is cleared by an MPU Read of the A Peripheral Register 
end CRB? is cleared by an MPU Read of the B Peripheral Register. 

. IF CRA BO) is ‘'0’’ when an interrupt occurs (Interrupt disabled) and is later brought 1’ 
TROA occurs after CRAO (CRBO) is written to a 1". 


> WN=— 


Table 4 Control of CA, and CB, as Interrupt Inputs — CRAS (CRBS) is “0’’ 


oo | ee | fo mab (Grosh pf 
ae ae Bae 1 Active Set '1’’ on | of CA, Disabled — IRO remains 
(CB) “High’’ 
+ Active Set “1” on | of CA, Goes ‘Low’ when the inter- 
(CB, ) rupt flag bit CRA6 (CRB6) 
goes ogee 
ee t Active Set "1" on t of CA; Disabled — RO remains 
(CB) “High” 


ie el me fag CHAO NES 


(CB2) rupt flag bit CRA6 (CRB6) 
(Notes) 1. t indicates positive transition (“‘Low” to ‘’High’’) 


goes ee 1 oe 
2. 4 indicates negative transition (‘‘High” to ‘‘Low”’) 
3. The interrupt flag bit CRAG is cleared by an MPU Read of the A Peripheral Register and CRB6 1s 
cleared by an MPU Read of the 8 Peripheral Register. 
4. If CRA3 (CRB3) is “0” when an interrupt occurs (Interrupt disabled) and 1s later brought 
1°", TRQA (1RQB) occurs after CRA3 (CRB3) 1s written toa “1” 






Table 5 Control of CB2 as an Output — CRB51s “1” 


CB, 
cres | crea | crea Set 
1 “Low” on the positive transition of “High” when the interrupt flag bit 
the first E pulse after MPU CRB7 is set by an active transition 
Write “B’’ Data Register operation. of the CB, signal. (See Figure 16) 
1 “‘Low” on the positive transition of “High” on the positive edge of the 
the first E pulse after an MPU Write first ‘’E’’ pulse following an “E”’ 
“"B”’ Data Register operation. pulse which occurred while the 
part was deselected. (See Figure 16) 
1 “Low” 
(The content of CRB3 is output on CB) 
1 “High” 
(The content of CRB3 is output on CB, ) 
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Table 6 Control of CA, as an Output — CRAS 1s “1” 


CA, 
CRA5 CRA4 | CRA3 Cleared Set 
1 “‘Low”’ on negative transition of E “High’’ when the interrupt flag bit 
after an MPU Read ‘’A” Data Opera- CRA7 is set by an active transition 


tion. 







tion. 


—_ 


= PIA OPERATION 


@ Initialization —— 

When the external reset input RES goes “Low”, all internal 
registers are cleared to “0’’. Periperal data port (PA g~PA7, 
PBo~PB-) is defined to be input and control lines (CA; ,CA,, 
CB, and CB, ) are defined to be the interrupt input lines. PIA is 
also initialized by software sequence as follows. 


Clear the control register 
Load input/output direction data into ACC 


Store the contents of ACC into the 
data direction register 


Load the control data to be written into ACC 


Store the contents of ACC into the control register 


Mmput/output processing 


























@ Read/Write Operation Not Using Control Lines 
<Read Operation> 


Set the data direction register to ‘‘00” 


CLR CRA e 
CLR DDRA e 
LDAA #$04 e 





“‘Low”’ on negative transition of E 
after an MPU Read “A” Data opera- 


of the CA, signal. (See Figure 16) 


“High’’ on the negative edge of the 
first ‘‘E’’ pulse which occurs during 
a deselect. (See Figure 16) 





oa Low” 


(The content of CRA3 is output on CA; ) 


“High” 


(The content of CRA3 is output on CA; ) 


Program the data direction register access bit of the control 
register to ““O” to allow to access the dada direction register. 


The data of the control line function is set into the accumu- 
lator, of which Data Direction Register Access Bit shall be 
programmed to “‘1”’. 

Transfer the control data from the accumulator into the 
control register. 


Clear the DDRA access bit of the control register to “O”. 
Clear all bits of the dada direction register. 


Set DDRA access bit of the control register to “1” to allow 


Initialize the control register STAA : CRA to access the peripheral interface register. 
' 
i] 
L) 
Load the contents of the peripheral 
interface register into the accumulator LDAA  PIRA 
© HITACHI 
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<Write Operation> 
CLR CRA 
Set the date direction register to “FF” LDAA #$FF 
STAA DORB 
Initialize the control register LDAA #804 
STAA ; CRB 
{ 
t 
Store the data in the accumulator into \ 
output register LDAA DATA 
STAA_ PIRB 





e Read/Write Operating Using Control Lines 

Read/write request from peripherals shall be put into the 
control lines as an interrupt signal, and then MPU reads or 
writes after detecting interrupt request. 


< Read > 


The following case is that Port A is used and that the rising 
edge of CA, indicates the request for read from peripherals. 


Set the data direction register to ‘00’’ 


Initialize the control register 


















interface register into the accumulator 


To read the peripheral data, the data is directly transfered to 
the data buses Do~D, through PAy>~PA, or PBo~PB, and 
they are not latched in the PIA. If necessary, the data should be 
held in the external latch until MPU completes reading it. 

When initializing the control register, interrupt flag bit 
(CRA7, CRA6, CRB7, CRB6) cannot be written from MPU. If 
necessary the interrupt flag must be reset by dummy read of 
Peripheral Register A and B. 


Write> 

Write operation using the interrupt signal is as follows. In 
this case, B port is used and interrupt request is input to CB, . 
And the IRQ flag is set at the rising edge of CB,. 


CLR CRA 
CLR ODRA e Set all bits of the data direction register to “0”. 


HD6321/HD6821 


e Set DDRB access bit of the control register to “0”. 
} e Set all bits of the data direction register to “FF”. 


e Set DDRB access bit of the control register to “1” to allow to 


access the peripheral interface register. 


e Write the data into the peripheral interface register. 


e Set the DDRA access bit to “0”. 


LDAA #$06 e Program the rising edge of CA, to be active. IRQA is masked 
STAA CRA 


and DDRA access bit is set to 1. 


LOOP LDAA CRA 


Load the contents of the control register BPL Loop /{ ® Check whether the read request comes from peripherals 
into the accumulator 
or not. 
Load the contents of the peripheral LDAA PIRA e Load the data from the peripheral interface register into the 


accumulator. CRA flag is reset after this read operation. 
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[sete dncion eer . es Reeoechamauciaie 
Set the data direction register to “FF” LDAA #$FF : ” 
STAA DORB e Set all bits of DDRB to output “1”. 
LDAA #$06 e Progr am the rising edge of CB, to be active. IRQB is masked 
STAA CRB and DDRB access bit is set to “1”’. 





Load the contents of the control 
register into the accumulator 





Load the contents of the output 


register in the accumulator sven 
Store the contents of the accumulator 
into the output register STAB 





Interrupt request flag bits (CRA7, CRA6, CRB7 and CRB6) 
cannot be written and they cannot be also reset by write 
Operation to the peripheral interface register. So dummy read of 
peripheral interface register is needed to reset the flags. 

To accept the next interrupt, it is essential to reset indirectly 
the interrupt flag by dummy read of peripheral interface 
register. 

Software poling method mentioned above requires MPU to: 
continuously monitor the control register to detect the read/ 
write request from peripherals. So other programs cannot run at 
the same time. To avoid this problem, hardware interrupt may 
be used. The MPU is interrupted by IRQA or IRQB when the 
read/write request is occurred from peripherals and then MPU 
analyzes cause of the interrupt request during interrupt pro- 
cessing. 

e Handshake Mode 

The functions of CRA and CRB are similar but not identical 
in the hand-shake modes. Port A is used for read hand-shake 
operation and Port B is used for write hand-shake mode. 

CA; and CB, are used for interrupt input requests and CA, 
and CB, are control outputs (answer) in hand-shake mode. 

Fig. 17, Fig. 18 and Fig. 19 show the timing of hand-shake 
mode. 








< Read Hand-shake Mode> 
CRAS="1”, CRA4=“0” and CRA3=“0” 


@) A peripheral device puts the 8-bit data on the peripheral 
data lines after the control output CA, goes “Low”. 


@ The peripheral requests MPU to read the data by using CA, 
input. 


LOOP LDAA CRB 
BPL LOOP 


PIRB 


PIRB 


© Check whether the write request comes from peripherals 
or not. 


e Reset the CRB7 flag by the dummy read of the 
peripheral interface register. 


e Store the data of the accumulator B to the peripheral 
interface register. 


@) CRA7 flag is set and CA, becomes “High” (CA, auto- 
matically becomes “High” by the interrupt CA, ). This 
indicates the peripheral to maintain the current data and 
not to transfer the next data. 

@ MPU accepts the read request by IRQA hardware interrupt 
or CRA read. Then MPU reads the peripheral register A. 


© CA, goes “Low” on the following edge of read Enable 
pulse. This informs that the peripheral can set the next data 
to port A. 


<Write Hand-shake> 

CRBS = “1”, CRB4 = “0” and CRB3 = “0” 

@ A peripheral device requests MPU to write the data by using 
CB, input. CB, output remains “High” until MPU write 
data to the peripheral interface register. 

@) CRB7 flag is set and MPU accepts the write request. 

(@) MPU reads the peripheral interface register to reset CRB7 
(dummy read). 

(4) Then MPU write data to the peripheral interface register. 
The data is output to port B through the output register. 

G) CB, automatically becomes “Low” to tell the peripheral 
that new data is on port B. 

©) The peripheral read the data on Port B peripheral data lines 
and set CB, to “Low” to tell MPU that the data on the 
peripheral data lines has been taken and that next data can 
be written to the peripheral interface register. 


<Pulse mode> 
CRAS = “1”, CRA4 = “0” and CRA3 = “1” 
CRBS = “1”, CRB4 = “0” and CRB3 = “1” 
This mode is shown in Figure 17, Figure 20 and Figure 21. 
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I) 


RW | 
MPU Read l 
| 


CSRS, -RS, | | | 
| 
1>— 


@ | 


oa 


Port A (Read) 


Oo) 


CA, | 
The change of PA, ~PA,| 
is not allowed. 


PA, ~PA,|\are Busy 


allowed to be set. 


INext PA, ~PA,, are allowed to set. 
CA, Ready 


CS-RS, -RS, 
D,~D, 


PB, ~PB, 


Port B (Write) 


CB, aere A 
x WRITE Request K/ WRITE Request 


@) _ dummy Read 
\ Reset 


PB, ~PB, data is old. 
PB, ~PB,, data is new. 
Ready 





Figure 17 Timing of Hand-shake Mode and Pulse Mode 
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Goes “High” on Goes “Low’’ when data on 
transition of CA, “A” side has been read by 
(IRQA1 Flag bit set) MPU after falling edge 


of enabie signal 
| “a (LDA A PIRA) 
CA, 


Enable signal (E) 
Handshaking with peripheral on ‘A’ side 


PIRA 


PIA Peripheral 


CA, 
7 CRA 0 


fof fopots fos 
Peripheral Says: 


Says: Data taken Here’s new data 
(LDA A PIRA) (Sets CRA7) 





Figure 18 Bits 5, 4, 3 of CRA = 100 (Hand-shake Mode) 


Goes “ Low” on first 
Goes “High” or transition positive edge of enable 
f f : signal after the MPU 
of CB, (IRQB1 flag bit set) stores data to the "B”’ 
side. (STA A PIRB) 


cB, 


4 


Enable | | | | | | | 
signal 
(E) 


Handshaking with peripheral on ‘B’ side 
Data 





Peripheral 
Says: Here’s new data Peripheral 
(STA A PIRB) Request for deta 


Figure 19 Bits 5, 4, 3 of CRB = 100 (Hand-shake Mode) 
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Goes “High” on 
CA, Normally Goes “Low” after a ‘‘Read a side the negative 


“High” data” Instruction (LDA) edge of the 


i iti f next E pulse 
(Negative transition of E) stir 


“Read a 
side data” 
instruction 
(LDA) 






























Enable 
signal (E) | | | 
Pulse mode 
Pulse output on ‘A’ side 
PIRA 
PIA Peripheral 
CA, 
7 CRA 0 
Pulse initiated as a result ff : ” a 
of reading ‘A’ side Data “Read by MPU 
(LDA A PIRA) 
Figure 20 Bits 5,4, 3 of CRA = 101 (Pulse Mode) 
Goes ‘’High’’ on the 
CB, Normally next positive E 
High” Goes “‘Low’’ on the positive pulse tied A 

transition of the first ae dea! 

E pulse after a “write B i Pah 
side data’’ instruction ave 
(STA) 

Enable 
signal 


Pulse mode 


Pulse output on ‘B’ side 


PIRB 


PIA Peripheral 


CB, 
7 CRB 0 


xfofrfotrpryx{x| 
New data presented 


Pulse initiated as : hie at port 
of writing into ‘B’ side : 
(STA A PIRB) for peripheral 


Figure 21 Bits 5, 4, 3 of CRB = 101 (Pulse Mode) 
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= SUMMARY OF CONTROL REGISTERS CRA AND CRB 

Control registers CRA and CRB have total control of CA,, 
CA,, CB,, and CB, lines. The status of eight bits of the control 
registers may be read into the MPU. However, the MPU can only 
write into Bit 0 through Bit 5 (6 bits), since Bit 6 and Bit 7 are 
set only by CA, , CA,, CB, , or CB,. 


@ Addressing PIAs 

Before addressing PIAs, the data direction (DDR) must first 
be loaded with the bit pattern that defines how each line is to 
function, i.e., as an input or an output. A logic “‘1” in the data 
direction register defines the corresponding line as an output 
while a logic “0” defines the corresponding line as an input. 
Since the DDR and the peripheral interface resister have the same 
address, the control register bit 2 determines which register is 
being addressed. If Bit 2 in the control register is a logic “0”, 
then the DDR is addressed. If Bit 2 in the control register is a 
logic “1”, the peripheral interface register is addressed. There- 
fore, it is essential that the DDR be loaded first before setting 
Bit 2 of the control register. 


<Example> 

Given a PIA with an address of 4004, 4005, 4006, and 4007. 
4004 is the address of the A side peripheral interface register. 
4005 is the address of the A side control register. 4006 is the 
address of the B side peripheral interface register. 4007 is the 
address of the B side control register. On the A side, Bits 0, 1, 2, 
and 3 will be defined as inputs, while Bits 4, 5,6, and 7 will be 
used as outputs. On the B side, all lines will be used as outputs. 


PIA1AD = 4004 (DDRA, PIRA) 
PIA1AC = 4005 (CRA) 
PIA1BD = 4006 (DDRB, PIRB) 
PIAIBC = 4007 (CRB) 


LDA A #%11110000 (4 outputs, 4 inputs) 

STAA PIAIAD (Loads A DDR) 

LDA A #%11111111 (All outputs) 

STAA PIAIBD (Loads B DDR) 

LDA A #%00000100 (Sets Bit 2) 

STA A PIAIAC (Bit 2 set in A control register) 
STA A PIAIBC = (Bit 2 set in B control register) 


a ON ee 


Statement 2 addresses the DDR, since the control register 
(Bit 2) has not been loaded. Statements 6 and 7 load the control 
registers with Bit 2 set, so addressing PIAIAD or PIAIBD 
accesses the peripheral interface register. 


@ PIA Programming Via The Index Register 


The program shown in the previous section can be accom- 
plished using the Index Register. 


1 LDX #$F004 
2. STX  PIAIAD $FO>PIA1AD ;$04>PIA1 AC 
3. LDX #$FFO4 
4. STX  PIAIBD $FF>PIA 1BD;$04-PIA 1 BC 


Using the index register in this example has saved six bytes of 
program memory as compared to the program shown in the 
previous section. 


@ Active Low Outputs 


When all the outputs of given PIA port are to be active “Low” 
(True $ 0.4 volts), the following procedure should be used. 


a) Set Bit 2 in the control register. 

b) Store all 1s ($FF) in the peripheral interface register. 
c) Clear Bit 2 in the control register. 

d) Store all 1s ($FF) in the data direction register. 

e) Store control word (Bit 2 = 1) in control register. 


<Example> 

The B side of PIA1 is set up to have all active low outputs. 
CB, and CB, are set up to allow interrupts in the HAND- 
SHAKE MODE and CB, will respond to positive edges 
(“Low”-to-“High” transitions). Assume reset conditions. Ad- 
dresses are set up and equated to the same labels as previous 
example. 


1. LDA A#4 

2. STA APIAIBC _ Set Bit 2 in PIAIBC (control register) 
3. LDA B#$FF 

4. STA BPIAIBD _ All Is in peripheral interface register 
5. CLR PIAIBC Clear Bit 2 

6. STA BPIAIBD All Is in data direction register 

7. LDA A #$27 

8. STA A PIAIBC 00100111 control register 


The above procedure is required in order to avoid outputs 
going “Low”, to the active “Low” TRUE STATE, when all Is 
are stored to the data direction register as would be the case if 
the normal configuration procedure were followed. 


e interchanging RS, And RS, 

Some system applications may require movement of 16 bits 
of data to or from the “outside world” via two PIA ports (A 
side + B side). When this is the case it is an advantage to 
interconnect RS, and RSpo as follows. 


RS, to Al (Address Line A1) 
RS, to AO (Address Line AO) 


This will place the peripheral interface registers and control 
registers side by side in the memory map as follows. 


Table Example Address 
PIAIAD $4004 (DDRA, PIRA) 
PIAIBD $4005 (DDRB, PIRB) 
PIAIAC $4006 (CRA) 
PIA1BC $4007 (CRB) 


The index register or stackpointer may be used to move the 
16-bit data in two 8-bit bytes with one instruction. As an 
example: 

LDX PIAIAD PIAIAD >> IXp: PIAIBD >> [X, 


@ PIA — After Reset 


When the RES (Reset Line) has been held “Low” for a 
minimum of one microsecond, all registers in the PIA will be 
cleared. 


Because of the reset conditions, the PIA has beeri defined as 
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follows. = SUMMARY OF CA,-CB, PROGRAMMING 
1. All I/O lines to the “outside world” have been defined as Bits 5, 4, and 3 of the control registers are used to program 
inputs. the operation of CA, -CB,. 


2. CA,,CA,,CBi, and CB, have been defined as interrupt 
input lines that are negative edge sensitive. 
3. All the interrupts on the control lines are masked. Setting of bS5 b4 b3 


interrupt flag bits will not cause IROA or IROB to go “Low”. Toa eee 
las ' : cA, cp, [0] 0-) © (Mask) CA—CB, Input Mode 


Input > | 2 | O(-) 1° (Allow) b4 = Edge (0 = -, 1 = +) 
Mode 0} 1(+) QO (Mask) b3 = Mask (0 = Mask, 
@ SUMMARY OF CA, -CB,; PROGRAMMING Oj 1(+) 1 (Allow) 1 = Allow) 
Bits 1 and 0 of the respective control registers are used to 
program the interrupt input control lines CA, and CB,. CA, —CB, 0 0 — Handshake Mode 
Output _, 0 1 — Pulse Mode 
Mode : | b3 Following Mode 
b1 bO 
0 0 b1 = Edge (0= -, 1 = +) 
0 1 bO = Mask (0 = Mask, 1 = Allow) 
1 0 
1 1 


Note that this is the same logic as Bits 4 and 3 for CA,-CB, 
when CA, -CB, are programmed as inputs. 





CA, 
CA, 
1/O As Follow: ite 
Control Lines: PA, 
CA, — Positive Edge, Allow Interrupt PA, 
CA, — Pulse Mode PA, 
CB, — Negative Edge, Mask Interrupt PA 
CB, — Hand Shake Mode ‘ 
p PA, 
Assume Reset Condition PA, 
PIA1AD 
PIA1AC ar 
PIA1BD 
PIA1BC 
PIA Configuration Solution CB, 
LDA A #$BC 10111100 CB, 
STA A PIA1AD 1/0 to DDRA PB, 
LDA A #$FF 1111 1111 ° 
STA A PIA1BD 1/0 to DORB ” 
LDA A #$2F 0010 1111 : 
STA A PIA1AC To “A” Control 
LDA A #$24 0010 0100 7 
STA A PIA1BC To “B” Control ° 
e 
e 
PB 





Figure 22 PIA Configuration Problem 
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= NOTE FOR USE 
Compatibility with NMOS PIA (HD6821) 


Table 7 Comparison CMOS PIA (HD6321) with NMOS PIA (HD6821) 


CMOS PIA (HD6321) NMOS PIA (HD6821) 


Three-state output Pull-up output 


Port A 
pare DMOS 
Buffer, [DORA eee 
CA, 
ORA 


internal internal 


Data Bus Data Bus 


Read signal 


Measure for Input floating 


Three-state output Three-state output 


DORB 
PBo ead PB, 
CB, 

ORB 


Internal 
Data Bus 


Read signal 


Measure for Input floating 





There is no difference between CMOS PIA and NMOS PIA in pin arrangement. 
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PT M (Programmable Timer Module) 


The HD6340/HD6840 (PTM) is a programmable subsystem 
component of the HMCS6800 family designed to provide 
variable system time intervals. 

The PTM has three 16-bit binary counters, three correspond- 
ing control registers and a status register. These counters are 
under software control and may be used to cause system inter- 
rupts and/or generate output signals. The PTM may be utilized 
for such tasks as frequency measurements, event counting, 
interval measuring and similar tasks. The device may be used for 
Square wave generation, gated delay signals, single pulses of 
controlled duration, and pulse width modulation as well as 
system interrupts. 


FEATURES 

Operates from a Single 5 volts Power Supply 

Single System Clock Required (E) 

Selectable Prescaler on Timer 3 Capable of 4 MHz for the 

HD6340/HD6840, 6 MHz for the HD63A40/HD68A40 and 

8 MHz for the HD63B40/HD68B40. 

Programmable Interrupts (IRQ) Output to MPU 

@ Readable Down Counter Indicates Counts to Go until Time- 
out 

@ Selectable Gating for Frequency or Pulse-Width Comparison 

@ Three Asynchronous External Clock and Gate/Trigger 

Input Internally Synchronized 


@ Three Maskable Outputs 

— HD6340 — 

@ Wide Range Operating Voltage (Vcc = 5V +10%) 

@ Low-Power, High-Speed, High-Density CMOS 

® Compatible with NMOS PTM (HD6840) 

— HD6840 — 

© Compatible with MC6840, MC68A40 and MC68B40 


= TYPE OF PRODUCTS 


| Process | Clock Frequency 
HD6340 


HD63A40 | CMOS 
HD63B40 
HD6840 
HD68A40 
HD68B40 





Package 





















HD6340P, HD6840P 


(DP-28) 


The specifications of the HD6340 are for preliminary and 


may change hereafter. 
Please make an inquire at sales office upon adoption of the 


HD6340. 





(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 


Value 
HD6340 HD6840 


Supply Voltage Vee” —0.3~+7.0 | —0.3~+7.0 V 
Input Voltage Vin* —0.3~+7.0 | —0.3~+7.0 V 
Maximum Output Current } 10 mA 


Operating Temperature Topr —20~+75 | —20~+75 | °C 


Storage Temperature Tstg —55~+150} —55~+150 | °C 


* With respect to Vs5 (SYSTEM GND) 
** Maximum output current is the maximum currents which can flow out from one output 
terminal or ({O common terminal. (Dg ~ D7,0,~ O3, IRQ) 


Item Symbol Unit 


: 
Ee 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal 
operation should be under recommended operating conditions. If these 
conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 
ra ree ne 
yee’ [min [typ [ max [min [typ | max] 
Supply Voltage | Vec* | 4.5 [5.0 | 5.5 |4.75/5.0 [5.25] V 
input "Low Vorge | Vu | 0 [- [08 [-oal - [os | v 
Input “High” [Ex RAV Viw* 2.6" | — | Voc | Vv 
Voltage 12a | Mee | 


Vec 
Sennen | Tor [mf] » fl] 


* With respect to Veg (SYSTEM GND) 
** Characteristics to be improved. 


© HITACHI 
50 Hitachi America Ltd. © 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 


HD6340/HD6840 





m= ELECTRICAL CHARACTERISTICS 
© DC CHARACTERISTICS (HD6340: Veg = 5V £10%, HD6840; Voc = 5V +5%, Vss = OV, Ta = —20~+75 C, unless otherwise noted.) 


HD6340 HD6840 


Test Condition [min | typ* | max | Unit 


Vv 


Item 


Test Condition 





Input “High” Voltage 


Input Leakage Current Bie Vin = 0 ~ Veg (Except Do ~D,) 
Three-State Input first | Vin = 0.4 ~ Vee, 
Vv 


Current (Off-state) ITs! cc = 5.5V (Do~D7) 


ILOAD = —400uA (Do~ D7) 
ILOAD < 10HA (Do~D-) 
Output ‘‘High”’ Voltage VOH 





<|< 
2 |9 
ao |o 
< 

2 

° 


< 


Vin=0~Vec (Except Do~ D7) -25 | - | HA 


Vin = 0.4~2.4V e 
Vee = 5.25V (D9~D 7) Zs 


ILOAD = —205uA (D,~D,) 


LOAD = —400uA (Other Outputs) 
ILOAD < 10HA (Other Outputs) Vec—0. 
{ = 1.6mA (D9~D 7) 

Output ‘“‘Low” Voltage VOL vetoed : : 


ILOAD = 3.2mA (01~ 03, IRQ) 
Output Leakage Current 3 ee 
(Off-state) 'LOH | VOH = Vee (IRQ) 


- Chip is not selected. 

« All counter latches 
are preset. 

+ O; ~O3 outputs are 
masked, 

» Input level (Except E) 
VIH min=Vec-—0.8V 
Vit max = 0.8V 

» Chip is not selected 

Supply Current - Counters are operating. 

+ O; ~O03 operating 
with load. 

- Input level (Except E) 
VIH min = Vec—0.8 
ViL max = 0.8V 

- Data bus in R/W 
operation. 

+ Counters are operating. 

+ 0; ~O30perating 
with load. 


Power Dissipation LPO. 
Input Capacitance Cin Ta = 25°C 
f = 1 MHz Other Input 


Output Capacitance Cout 50 | pF 


* Tg = 28°C, Vee = 5.0V ** Vin = 2.2V at Voc = 5V +5%, Ta = 0~70°C, Characteristics to be improved. 


= Other 
'LOAD = —200HA (outputs 


ILOAD = 1.6mA (Do~ D7) 

V 
LOAD = 3.2mA, 
(O;~O3, IRQ) 


Vou = 2.4V (IRQ) 


_ 

















ot 
< 
* 








mA 
















ee 
[Borer [- [esl 
fouerimue | = [- |75 | 


a 
o 
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@ AC CHARACTERISTICS (HD6340; Voc = BV +10%, HD6840; BV +6%, Veg = OV, Ta ® —20~+76°C, unless otherwise noted.) 
1, MPU READ TIMING 


Test HD6340 H ae A40 H Fie Tm] 4 oo H ce 4 in| i 
item Symbol Condition Tmin | max | min | max) 


ErbieGraeTime [tee _| 100 [10000] oe [a | [ee 
Enable ‘Low’ Pulse Width 430 | 9800 | 280 Cees ns 
ee een eer reer eee 
pasronsrup Tine [tag | Fu? [oo] - [eo |- || - wo] - lw] - || - [m 
Data Delay Time topR | — | 290 | ~ ns 
ouavowtine wn | [a | 0 | 2 | oo | 20 | oo] | - || - || - [m 
Address Hold Time tan 10 | — | 10 | - { 10] - | 10 | = | 10 | |= | 10] = | on 
ora Acc Tine [taco _| |= |e [- [=e |- | wo [- [ao [- | wo [- [a [n 


2. MPU WRITE TIMING 

— nao T nose, 
Ean Oye Ti CSCI CEC Coe 
Enable “High” Pulse Width | PWeny [480 | 9600| 280 | 9500 | 220 | 9600] 80 | 4500 | 280 | 4600| 220 | 4500 | 
Enable "Low ule With aan | 00] 200 eeoo|x0 | eso] so - [aw [ [eo | —_[o 
Ene iwerdFalti«e [tenter] ,  [- 1 ® 1-1 *|- |= |-[*|-|*|-|* | 
natronswuntive [tas] [oo [- [| - [| - || - [el - [w]- [a 
Data Set-up Time tDsw 7 ——— 
Data Hold Time tHw | - [1 } - | 1] - [| 10 [ - [ns 


ania Coe pe bebe bet pe pel 


3 TIMING OF PTM SIGNAL 


7 aoe posse oe ee Te oo rae 


pesrewrericc.rEs [ew | re a.re SE tet tee: aie Goin ees ks 


Item 








teycE teycE teycE teycE teycE teycE 
=e POWs Pulse GG, RES PW hejhetnoncin +tSu ASU “SU OU +tSU SU ns 
Mode +tHD +tHD +tHD +tHD +tHD 
“Utah! ley Fig. 4 tevcE tevcE teycE teycE teycE teycE 
Pulse Width C,G aay nencono\s #8U SU ASU +tSU +tSU *tsU a 
ree +tHD +tHD +tHD a a 


C,G, RES _| 200 | - [120 | - | 75 | - | 200 | - |120 | ; 
pee SE treo aaaeneaede 
scaler og Mode 170 170 170 170 


Input Hold Time C3 ES. REG _ 8 Pre- Synchronous 
scaler Mode) 


C3 (+8 Pre- |PW Asynchronous 
nur Pan itn | A ated cto fete kell 
Output Delay Time Fig 6 ele tml Waele 


eee 
eS ee ee ee 


* tre te S toyck 


=] 
a 


] 
n 


=] 
@ 


S = | 3 =] 
a a a a 


s 
) 
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toycE 
teycE 
PW PW 
P EH EL 
Z tas r lt PME tas 
Vinmin Vipmax E Vit max 
ter tes ter ter 
tporR 
— poe ° =m aes \/ 
RS, CS, R/W (eee Le RS, CS, RW Mf VI i ae 
tacc ae taH 
A t 
Vec-2.0V* HW 
Data Bus ( Se 


0.4V y, Data Bus q vin mn) 
IL ma 


Figure 1 Bus Read Timing 


(Read Information from PTM) Figure 2 Bus Write Timing 


(Write Information into PTM) 


GY | 


~ 


~ 





Figure 3. Input Pulse Width ‘‘Low” Figure 4 Input Pulse Width “‘High’’ 





VOH (CMOS) = 9.7 x Ve 
Figure 5 Input Setup and Hold Times Figure 6 Output Delay 


7 Vit max aie HD6840 
; HD6840 only 


tir 


Vec-2.0V* 


D 


Figure 7 1RQ Release Time 
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8.0V 
RL =2.4k2 


Test Point 


All diodes are 


130 pF 
182074 © or equiv. 





Load C 6,0V 
(TRG Only) 
1.3k2 
Test Point 


100 | 


# GENERAL DESCRIPTION 

The PTM is part of the HMCS6800 microprocessor family 
and is fully bus compatible with HD6800 systems. The three 
timers in the HD6340/HD6840 operate independently and in 
several distinct modes to fit a wide variety of measurement and 
synthesis applications. 

The PTM is an integrated set of three distinct counter/ 
timers. It consists of three 16-bit data latches, three 16-bit 
counters (clocked independently), and the comparison and 
enable circuitry necessary to implement various measurement 
and synthesis functions. In addition, it contains interrupt drivers 
to alert the processor that a particular function has been 
completed. 

In a typical application, a timer will be loaded by first storing 
two bytes of data into an associated Counter Latch. This data is 
then transferred into the counter via a Counter initialization 
cycle. If the counter is enabled, the counter decrements on each 
subsequent clock period which may be an external clock, or 
Enable (E) until one of several predetermined conditions causes 
it to halt or recycle. The timers are thus programmable, cyclic in 
nature, controllable by external inputs or the MPU program, 
and accessible by the MPU at any time. 
= PTM INTERFACE SIGNALS FOR MPU 

The Programmable Timer Module (PTM) interfaces to the 
HMCS6800 Bus with an eight-bit bidirectional data bus, two 
Chip Select lines, a Read/Write line, an Enable (System ¢,) line, 
an Interrupt Request line, an external Reset line, and three 
Register Select lines. These signals, in conjunction with the 
HD6800 VMA output, permit the MPU to control the PTM. 
VMA should be utilized in conjunction with an MPU address 
line into a Chip Select of the PTM, when the HD6800, HD6802 
are used, 
® Bidirectional Data (Dp ~ D-) 


Input/Output Pin No. 25 ~ 18 


The bidirectional data lines (Do~D-,) allow the transfer of 
data between the MPU and PTM. The data bus output drivers 
are three-state devices which remain in the high-impedance (off) 
state except when the MPU performs a PTM read operation 
(Read/Write and Enable lines “High” and PTM Chip Selects 


Figure 8 Test Loads 





Load B 
(O,,0,,05) 





Test Point 


Adjust Ri 
80 that lo, 3.2 mA 
then test Vo, 


40 pF 


All diodes are 
182074 @) or equiv. 
Load D 
(0; ¢ 0; ’ O3) 
(CMOS Load) 
(MOS) 


Test Point | 
| 30 pF 


* 11k for HD6840 
** 12 kQ for HD6840 


activated), 
© Chip Select (CS5, CS; ) 


| Input Pin No. 15, 16 


These two signals are used to activate the Data Bus interface 
and allow transfer of data from the PTM. With CS, = “Low” 
and CS, = “High”, the device is selected and data transfer will 
occur. 

@ Read/Write (R/W) 


Input Pin No. 13 


This signal is generated by the MPU to control the direction 
of data transfer on the Data Bus. With the PTM selected, a 
“Low” state on the PTM R/W line enables the input buffers and 
data is transferred from the MPU to the PTM on the trailing 
edge of the Enable (System $,) signal. Alternately, (under the 
same conditions) R/W = “High” and Enable “High” allows data 
in the PTM to be read by the MPU. 
@ Enable (E) 


Input Pin No. 17 


This signal synchronizes data transfer between the MPU and 
the PTM. It also performs an equivalent synchronization func- 
tion on the external clock, reset, and gate inputs of the PTM. 
© Interrupt Request (IRQ) 


Output (open drain) Pin No. 9 


The active “Low” Interrupt Request signal is normally tied 
directly (or through priority interrupt circuitry) to the IRQ 
input of the MPU. This is an “open drain” output (no load 
device on the chip) which permits other similar interrupt re- 
quest lines to be tied together in a wire-OR configuration. 

The IRQ line is activated if, and only if, the Composite Inter- 
rupt Flag (Bit 7 of the Internal Status Register) is asserted. The 
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conditions under which the [RO line is activated are discussed in 
conjunction with the Status Register. 


© Reset (RES) 


Input Pin No. 8 


A “Low” level at this input is clocked into the PTM by the 
Enable (System $2) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM then recognizes the 
active “Low” or inactive “High” on the third Enable pulse. If 
the RES signal is asynchronous, an additional Enable period is 
required if setup times are not met. The RES input must be 
stable “‘High”/“Low” for the minimum time stated in the AC 
Characteristics. 

Recognition of a “Low” level at this input by the PTM 
causes the following action to occur: 

a. All counter latches are preset to their maximal count 

values. 

b. All Control Register bits are cleared with the exception of 

CR1O0 (internal reset bit) which is set. 

c. All counters are preset to the contents of the latches. 

d. All counter outputs are reset and all counter clocks are 

disabled. 

e. All Status Register bits (interrupt flags) are cleared. 

@ Register Select Lines (RS,., RS,, RS,) 

These inputs are used in conjunction with the R/W line to 
select the internal registers, counters and latches as shown in 
Table 1. 


HD6340/HD6840 


Input Pin No. 10, 11, 12 


It has been previously stated that the PTM is accessed via 
MPU Load and Store operations in much the same manner as a 
memory device. The instructions available with the HMCS6800 
family of MPUs which perform operations directly on memory 
should not be used when the PTM is accessed. These instruc- 
tions actually fetch a byte from memory, perform an operation, 
then restore it to the same address location. Since the PTM used 
the R/W line as an additional register select input, the modified 
data may not be restored to the same register if these instruc- 
tions are used. 


= PTM ASYNCHRONOUS INPUT/OUTPUT SIGNALS 

Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line. The inputs are 
high impedance, TTL compatible lines and outputs are capable 
of driving two standard TTL loads. 
® Clock Inputs (C,, C,, C3) 


Input Pin No. 28, 4, 7 


Input pins C,, C,, and C3 will accept asynchronous TTL 
voltage level signals to decrement Timers 1, 2, and 3, respec- 
tively. The “High” and “Low” levels of the external clocks must 
each be stable for at least one system clock period plus the sum 


Table 1 Register Selection 


Register 
imarn —- cae | ee 
R/W = “Low” 
CR20 = ‘0” 
iT eenyes 


Write Control Register #3 
Write Control Register #1 
ee eee tt 
| tL | H | L | WritemsB Buffer Register |= Reacd Timer #1 Counter__ 
Tu [Hw | H | Write Timer #1 Latches __————~«|;S~S«éRRead LSB Buffer Register _| 
PH t | t | WritemsB Buffer Register = |_—Read Timer #2 Counter __| 
| tL | H | WriteTimer #2 Latches | Read LSB Buffer Register__ 
TH | H |__| WritoMSB Buffer Register ——=«d;_—éRead Timer #3 Countor__ 
| H | H | H | WriteTimer #3 Latches | Readd LSB Buffer Register _| 


* L; “Low” level, H; ‘‘High”’ level 







of the setup and hold times for the inputs. The asynchronous 
clock rate can vary from dc to the limit imposed by Enable 
(System 6, ) Setup, and Hold time. 

The external clock inputs are clocked in by Enable (System 
$2) pulses. Three Enable periods are used to synchronize and 
process the external clock. The fourth Enable pulse decrements 
the internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock input transition and 
internal recognition of that transition by the PTM. All refer- 
ences to C inputs in this document relate to internal recognition 
of the input transition. Note that a clock “High” or “Low” level 
which does not meet setup and hold time specifications may 
require an additional Enable pulse for recognition. When ob- 
serving recurring events, a lack of synchronization will result in 
“jitter” being observed on the output of the PTM when using 
asynchronous clocks and gate input signals. There are two types 
of jitter. “System jitter” is the result of the input signals being 
out of synchronization with the Enable (System ¢, ), permitting 


signals with marginal setup and hold time to be recognized by 
either the bit time nearest the input transition or the subsequent 
bit time. 


“Input jitter” can be as great as the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and not 
recognized the next cycle, or vice versa. 


External clock input C3 represents a special case when Timer 

#3 is programmed to utilize its optional +8 prescaler mode. The 
maximum input frequency and allowable duty cycles for this 

, case are specified under the AC Characteristics. The output of 
the +8 prescaler is treated in the same manner as the previously 
discussed clock inputs. That is, it is clocked into the counter by 
Enable pulses, is recognized on the fourth Enable pulse 
(provided setup and hold time requirements are met), and must 
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produce an output pulse at least as wide as the sum of an Enable 
period, setup, and hold times. 


Enable 7 SO 
pt 


Recog -°o= — 
Input 


Either or Here 
Here —~| foes System 
Bit Time 


Output eee ee Ae Jitter 


® Gate Inputs (G, ,G,, G3) 


Input Pin No. 26, 2, 5 


Input pins G;, G,, and G3 accept asynchronous TTL- 
compatible signals which are used as triggers or clock gating 
functions to Timers 1, 2, and 3, respectively. The gating inputs 
are clocked into the PTM by the Enable (System ¢, ) signal in 
the same manner as the previously discussed clock inputs. That 
is, a Gate transition is recognized by the PTM on the fourth 
Enable pulse (provided setup and hold time requirements are 
met), and the “High”? or “Low” levels of the Gate input must be 
stable for at least one system clock period plus the sum of setup 
and hold times. All references to G transition in this document 
relate to internal recognition of the input transition. 

The Gate inputs of all timers directly affected the internal 
16-bit counter. The operation of G; is therefore independent of 
the +8 prescaler selection. 
© Timer Outputs (0,,0,, 03) 


Output Pin No. 27, 3, 6 


Timer outputs O,, O,, and O3 are capable of driving up to 
two TTL loads and produce a defined output waveform for 
either Continuous or Single-Shot Timer modes. Output wave- 
form definition is accomplished by selecting either Single 16-bit 
or Dual 8-bit operating modes. The single 16-bit mode will 
produce a square-wave output in the continuous timer mode 
and will produce a single pulse in the Single-Shot Timer mode. 
The Dual 8-bit mode will produce a variable duty cycle pulse in 
both the continuous and single shot Timer modes. “1” bit of 
each Control Register (CRX7) is used to enable the corres- 
ponding output. If this bit is cleared, the output will remain 
“Low” (Vo ) regardless of the operating mode. 

If it is cleared while the output is high the output will go low 
during the first enable cycle following a write to the Control 
Register. 

The Continuous and Single-Shot Timer Modes are the only 
ones for which output response is defined in this data sheet. 
Signals appear at the outputs (unless CRX7= “0”’) during Fre- 
quency and Pulse Width comparison modes, but the actual 
waveform is not predictable in typical applications. 

# CONTROL REGISTER 

Each timer in the HD6340 has a corresponding write-only 
Control Register. Control Register #2 has a unique address 
space (RSO=“High’’, RS1=“‘Low”, RS2=“‘Low”) and therefore 
may be written into at any time. The remaining Control 
Registers (#1 and#3) share the Address Space selected by a 
“Low” level on all Register Select inputs. 

@ CR20 

The least-significant bit of Control Register #2 (CR20) is 

used as an additional addressing bit for Control Registers #1 and 


#3. Thus, with all Register selects and R/W inputs at “Low” 
level. Control Register #1 will be written into if CR20 is a logic 
“1”. Under the same conditions, control Register #3 can also be 
written into after a RES “Low” condition has occurred, since 
all control register bits (except CR10) are cleared. Therefore, 
one may write in the sequence CR3, CR2,CRI. 

e CR10 

The least-significant bit of Control Register #1 is used as an 
internal Reset bit. When this bit is a logic “0”, all timers are 
allowed to operate in the modes prescribed by the remaining 
bits of the control registers. Writing a “1” into CR10 causes all 
counters to be preset with the contents of the corresponding 
counter latches, all counter clocks to be disabled, and the timer 
outputs and interrupt flags (Status Register) to be reset. 
Counter Latches and Control Registers are undisturbed by an 
Internal Reset and may be written into regardless of the state 
of CR10. 

@ CR30 

The least-significant bit of Control Register #3 is used as a 
selector for a +8 prescaler which is available with Timer #3 
only. The prescaler, if selected, is effectively placed between the 
clock input circuitry and the input to Counter #3. It can there- 
fore be used with either the internal clock (Enable) or an ex- 
ternal clock source. 

@ CRX1 ~ CRX7 (X=1~3) 

The functions depicted in the foregoing discussions are 
tabulated in Table 2 for ease of reference. 

Control Register Bits CR10, CR20, and CR30 are unique in 
that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common functions, 
with a particular Control Register affecting only its corres- 
ponding timer. 

e CRX1 

Bit 1 of Control Register #1 (CR11) selects whether an in- 
ternal or external clock source is to be used with Timer #1. 
Similarly, CR21 selects the clock source for Timer #2, and 
CR31 performs this function for Timer #3. The function of 
each bit of Control Register ““X” can therefore be defined as 
shown in the remaining section of Table 2. 

e CRX2 

Control Register Bit 2 selects whether the binary information 
contained in the Counter Latches (and subsequently loaded into 
the counter) is to be treated as a single 16-bit word or two 8-bit 
bytes. In the single 16-bit Counter Mode (CRX2=0) the counter 
will decrement to zero after N + 1 enabled (G=“Low”) clock 
periods, where N is defined as the 16-bit number in the Counter 
Latches. With CRX2 = 1, a similar Time Out will occur after (L 
+ 1)*(M + 1) enabled clock periods, where L and M, respec- 
tively, refer to the LSB and MSB bytes in the Counter Latches. 
e CRX3 ~ CRX7 

Control Register Bits 3, 4, and 5 are explained in detail in the 
Timer Operating Mode section. Bit 6 is an interrupt mask bit 
which will be explained more fully in conjunction with the 
Status Register, and bit 7 is used to enable the corresponding 
Timer Output. A summary of the control register programming 
modes is shown in Table 3. 


= STATUS REGISTER/INTERRUPT FLAGS 

The PTM has an internal Read-Only Status Register which 
contains four Interrupt Flags. (The remaining four bits of 
the register are not used, and default to “O”’s when being read.) 
Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, respectively, 
as individual flag bits, while Bit 7 is a Composite Interrupt Flag. 
This flag bit will be asserted if any of the individual flag bits is 
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Table 2 Control Register Bits 





CONTROL REGISTER #1 





“O” All timers allowed to operate 
1" All timers held in preset state 
















CRX3 CRX4 CRX5 






* Control Register for Timer 1, 2, or 3, Bit 1. 


set while Bit 6 of the corresponding Control Register is at a 
logic “‘1”’. The conditions for asserting the Composite Interrupt 
Flag bit can therefore be expressed as: 


INT = 1,°-CR16 + I,°CR26 + I13°CR36 


where INT =Composite Interrupt Flag (Bit 7) 
I, = Timer #1 Interrupt Flag (Bit 0) 
I, = Timer #2 Interrupt Flag (Bit 1) 
I, = Timer #3 Interrupt Flag (Bit 2) 


STATUS REGISTER 
7 |6| s]4{3lalifo 
INT Vs] al 


An interrupt flag is cleared by a Timer Reset condition, ie., 
External RES = “Low” or Internal Reset Bit (CR10) = “1”. It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while the 
interrupt flag was set. This condition on the Read Status 
Register — Read Timer Counter (RS—RT) sequence is designed 
to prevent missing interrupts which might occur after the status 
register is read, but prior to reading the Timer Counter. 

An Individual Interrupt Flag is also cleared by a Write Timer 
Latches (W) command or a Counter Initialization (CI) seq- 
uence, provided that W or CI affects the Timer corresponding to 
the individual Interrupt Flag. 


# COUNTER LATCH INITIALIZATION 

Each of the three independent timers consists of a 16-bit 
addressable counter and 16 bits of addressable latches. The 
counters are preset to the binary numbers stored in the latches. 
Counter initialization results in the transfer of the latch con- 
tents to the counter. See notes in Table 5 regarding the binary 
number N, L, or M placed into the Latches and their relation- 
ship to the output waveforms and counter Time-Outs. 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register (MSB Buffer Register) is 
provided. This “write only” register is for the Most Significant 


CONTROL REGISTER #2 CONTROL REGISTER #3 
Internal Reset Bit | CR20 | Control Register Address Bit | CR3O Timer #3 Clock Control 


“O" CR #3 may be written 
“1"" CR #1 may be written 


Timer #X Clock Source 
TX uses external clock source on CX input 
TX uses Enable clock 
Timer #X Counting Mode Control 
TX configured for normal (16-bit) counting mode 
TX configured for dual 8-bit counting mode 
Timer #X Counter Mode and Interrupt Control (See Table 3) 
Timer #X Interrupt Enabie 

Interrupt Flag masked on [RO 

Interrupt Flag enabled to IRQ 
Timer #X Counter Output Enable 
TX Output masked on output OX 
TX Output enabled on output OX 









“0” T3 Clock is not prescaled 
“1'' T3 Clock is prescaled by + 8 

























Byte of the desired latch data. Three addresses are provided for 
the MSB Buffer Register (as indicated in Table 1), but they all 
lead to the same Buffer. Data from the MSB Buffer will auto- 
matically be transferred into the Most Significant Byte of Timer 
#X when a Write Timer #X Latches Command is performed. So 
it can be seen that the PTM has been designed to allow trans- 
fer of two bytes of data into the counter latches provided that 
the MSB is transferred first. 

In many applications, the source of the data will be as 
HMCS6800 MPU. It should be noted that the 16-bit store opera- 
tions of the HMCS6800 microprocessors (STS and STX etc.) 
transfer data in the order required by the PTM. A Store Index 
Register Instruction, for example, results in the MSB of the X 
register being transferred to the selected address, then the LSB 
of the X register being written into the next higher location. 
Thus, either the index register or stack pointer may be trans- 
fered directly into a selected counter latch with a single instruc- 
tion. 

A logic “Low” at the RES input also initializes the counter 
latches. In this case, all latches will assume a maximum count of 
(65,536). It is important to note that an Internal Reset (Bit 0 
of Control Register 1 Set) has no effect on the counter latches. 


@® COUNTER INITIALIZATION 

Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the Indi- 
vidual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition (RES = 
“Low” or CRIO = “1”) is recognized. It can also occur — 
depending on Timer Mode — with a Write Timer Latches com- 
mand or recognition of a negative transition of the Gate input. 

Counter recycling or re-initialization occurs when a negative 
transition of the clock input is recognized after the counter has 
reached an all-zero state. In this case, data is transferred from 
the Latches to the Counter. 


= TIMER OPERATING MODES 

The PTM has been designed to operate effectively in a 
wide variety of applications. This is accomplished by using three 
bits of each control register (CRX3, CRX4, and CRX5) to 
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defined different operating modes of the Timers. These modes 
are divided into Wave Synthesis and Wave Measurement modes, 
and outlined in Table 3. 


Table 3 Operating Modes 


Timer Operating Mode 


LCRx4 | CRX5 _ 

Pos fo [Continuous] Wave 
pf]. Sinale-shor [Synthese 
[of +f Freavensy Comparten Wave rant 
= Measurement 












Pulse Width Comparison 
* Defines Additional Timer Functions. 


One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation. 
Either symmetrical or variable duty-cycle waves can be gen- 
erated in this mode. The other wave synthesis mode, the Single- 
Shot mode, is similar in use to the Continuous operating mode, 
however, a single pulse is generated, with a programmable preset 
width. 

The WAVE MEASUREMENT modes include the Frequency 
Comparison and Pulse Width Comparison modes which are used 
to measure cyclic and singular pulse widths, respectively. 

In addition to the four timer modes in Table 3, the remaining 
control register bit is used to modify counter initialization and 
enabling or interrupt conditions. 





@ WAVE SYNTHESIS MODES 


® Continuous Operating Mode (Table 4) 

The continuous mode will synthesize a continuous wave with 
a period proportional to the preset number in the particular 
timer latches. 

Any of the timers in the PTM may be programmed to 
operate in a continuous mode by writing “O”s into bits 3 and 5 
of the corresponding control register. Assuming that the timer 
output is enabled (CRX7 = “1”), either a square wave or a vari- 
able duty cycle waveform will be generated at the Timer 
Output, OX. The type of output is selected via Control Register 
Bit 2. 

Either a Timer Reset (CR10 = “1” or External RES = 
“Low”) condition or internal recognition of a negative tran- 
sition of the Gate input results in Counter Initialization. A Write 
Timer Latches command can be selected as a Counter Initiali- 
zation signal by clearing CRX4. 

The counter is enabled by an absence of a Timer Reset con- 
dition and a “Low” level at the Gate input. In the 16-bit mode, 
the counter will decrement on the first clock cycle during or 
after the counter initialization cycle. It continues to decrement 
on each clock signal so long as G remains “Low” and no reset 
condition exists. A Counter Time Out. (the first clock after all 


Table 4 Continuous Operating Modes 










Counter Initialization 


| CRxX2 | CRX4 | 
rns 
po ft | ae 







Gi +W+R 


Gy = Negative transition of Gate input. 
= Write Timer Latches Command. 












Ww 
R 
N = 16-Bit Number in Counter Latch. 

L = 8-Bit Number in LSB Counter Latch. 

M =8-Bit Number in MSB Counter Latch. 

T = Clock Input Negative Transitions to Counter, 
t, = Counter Initialization Cycle. 

TO= Counter Time Out (All Zero Condition). 


CONTINUOUS MODE 
(CRX3 = “0”, CRX5 = “0”) 


Control Register Initialization/Output Waveforms 






ken ' 117) ae aloes as + Herre 


Fae (b+ 10M + CT) ee (LM TO 


—— i cee 


ty 


= Timer Reset (CR10 = ‘1 or External RES = ‘“‘Low”’) 


* All time intervals shown above assume the Gate (G) and Clock (C) signals are synchronized to Enable 
(System ¢, ) with the specified setup and hold time requirements. 





*Timer Output (OX) (CRX7 = 1’) 










\ VoL 
TO TO TO 





—e| (LT) | (UT) 
TO TO 
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Control Register Bits 


CRX7 Timer #X Counter Output Enable 
0 TX Output masked on output OX 
1 TX Output enabled on output OX 


Timer #X Interrupt Enable 
Interrupt Flag masked on IRQ 
Interrupt Flag enabled to IRQ 


Timer #X Counter Mode and Interrupt Control (See Table 3) 
cone nove TST] Tf 2] Pe] x-1.20 


Timer #X Counting Mode Control 
TX configured for normal (16-bit) counting mode 
TX configured for dual 8-bit counting mode 





Timer #X Clock Source 
TX uses external clock source on CX input 
TX uses Enable clock 


CR10 Internal Reset Bit CR20 Control Register Address Bit CR30 Timer #3 Clock Control 
QO All timers allowed to operate O CR#3 may be written QO T3 Clock ts not prescaled 
1 All timers held in preset state 1 CR#1 may be written 1 T3 Clock ts prescaled by +8 
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Example: Contents of MSB = 03 = M 
Contents of LSB =04=L 





M(L+1)+1 


Algebraic Expression 


03(04 +1) +1= 
16 Enables 


os 
- 
oe 





5 Enable 
Pulses 


| * 


(M +1) (L.+1) = Period 
M(L+1)+1 = “Low” portion of period 
L = Pulse width 






1+ —ere—— 14+L ——ea— 









1+L——h <a L 
Pulses Pulses 


Algebraic Expression 
(04 + 1) (03 +1) = 20 Enable or 
External Ciock Pulses 


* Preset LSB and MSB to Respective Latches on the negative transition of the E. 
** Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the E. 


Figure9 Timer Output Waveform Example 
(Continuous Dual 8-Bit Mode using Internal Enable) 


counter bits = “‘0”) results in the Individual Interrupt Flag being 
set and re-initialization of the counter. 

In the dual 8-bit mode (CRX2= “1”) [Refer to the example 
in Fig. 9] the MSB decrements once for every full countdown 
of the LSB + 1. When the LSB = “0”, the MSB is unchanged; on 
the next clock pulse the LSB is reset to the count in the LSB 
Latches and the MSB is decremented by 1 (one). The output, if 
enabled, remains “Low” during and after initialization and will 
remain “Low” until the counter MSB is all “O”s. The output 
will go “High” at the beginning of the next clock pulse. The 
output remains “High” until both the LSB and MSB of the 
counter are all “O”s. At the beginning of the next clock pulse 
the defined Time Out (TO) will occur and the output will go 
‘Low’. In the Dual 8-bit mode the period of the output of the 
example in Fig. 9 would span 20 clock pulses as opposed to 
the 1546 clock pulses using the Normal 16-bit mode. 

A special time-out condition exists for the dual 8-bit mode 
(CRX2 = “1”’) if L = “O”. In this case, the counter will revert to 
a mode similar to the single 16-bit mode, except Time Out 
occurs after M+1 clock pulses. The output, if enabled, goes 
“Low” during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical (is re-initialized 
at each Time Out) and the Individual Interrupt Flag is set when 
Time Out occurs. If M = L = “0”, the internal counters do not 
change, but the output toggles at a rate of 1/2 the clock fre- 
quency. 

The discussion of the Continuous Mode has assumed that the 


application requires an output signal. It should be noted that 
the Timer operates in the same manner with the output disabled 
(CRX7 = “Q”). A Read Timer Counter command is valid re- 
gardless of the state of CRX7. 

@ Single-Shot Timer Mode 

This mode is identical to the Continuous Mode with three 
exceptions. The first of these is obvious from the name — the 
output returns to a “Low” level after the initial Time Out and 
remains “Low” until another Counter Initialization cycle 
occurs. The waveforms available are shown in Table 5. 

As indicated in Table 5, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of the 
counter results in the setting of an Individual Interrupt Flag and 
re-initialization of the counter. 

The second major difference between the Single-Shot and 
Continuous modes is that the internal counter enable is not 
dependent on the Gate input level remaining in the “Low” state 
for the Single-Shot mode. 

Another special condition is introduced in the Single-Shot 
mode. If L = M = “0”(Dual 8-bit) or N = “0” (Single 16-bit), the 
output goes “Low” on the first clock received during or after 
Counter Initialization. The output remains “Low” until the 
Operating Mode is changed or nonzero data is written into the 
Counter Latches. Time Outs continue to occur at the end of 
each clock period. 

The three differences between Single-Shot and Continuous 
Timer Modes can be summarized as attributes of the Single-Shot 
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mode: 
1. Output is enabled for only one pulse until it is reini- 
tialized. 


HD6340/HD6840 


2. Counter Enable is independent of Gate. 
3. L=M= “0” or N = “0” disables output. 
Aside from these differences, the two modes are identical. 


Table5 Single-Shot Operating Modes 


Single-Shot Mode 
(CRX3 = "0", CRX7 = 1", CRX5 = 1") 


Control Register Initialization/Output Waveforms 


GitW+R 


Symbols are as defined tn Table 5 


@ WAVE MEASUREMENT MODES 

The Wave Measurement Modes are the Frequency (period) 
Measurement and Pulse Width Comparison Modes, and are pro- 
vided for those applications which require more flexibility of 
interrupt generation and Counter Initialization. Individual Inter- 
rupt Flags are set in these modes as a function of both Counter 
Time Out and transitions of the Gate input. Counter Initializa- 
tion is also affected by Interrupt Flag status. 

A timer’s output is normally not used in a Wave Measure- 
ment mode, but it is defined. If the output is enabled, it will 


(N+1)(T) (N+1)(T) 
je—(N)(T) 


to TO TO 


(L+1)(M+1)(T) (L+1)(M+1)(T) 
—~| (L)(T) 


eens | eae: 


to 





TO TO 


operate as follows. During the period between reinitialization of 
the timer and the first Time Out, the output will be a logical 
zero. If the first Time Out is completed (regardless of its 
method of generation), the output will go “High”. If further 
TO’s occur, the output will change state at each completion of a 
Time-Out. 

The counter does operate in either Single 16-bit or Dual 8-bit 
modes as programmed by CRX2. Other features of the Wave 
Measurement Modes are outlined in Table 6. 


Table 6 Wave Measurement Modes 





ee Pulse Width Comparison 
Po i ey Pulse Width Comparison 


@ Frequency Comparison or Period Measurement Mode (CRX3 

= "1" CRX4= “0") 

The Frequency Comparison Mode with CRX5 = “1” is 
straightforward: If Time Out occurs prior to the first negative 
transition of the Gate input after a Counter Initialization cycle, 
an Individual Interrupt Flag is set. The counter is disabled, and a 
Counter Initialization cycle cannot begin until the interrupt flag 
is cleared and a negative transition on G is detected. 

If CRX5 = “0”, as shown in Table 6 and Table 7, an inter- 
rupt is generated if Gate input returns “Low” prior to a Time 
Out. If Counter Time-Out occurs first, the counter is recycled 
and continues to decrement. A bit is set within the timer on the 
initial Time Out which precludes further individual interrupt 
generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition of 
the Gate input starts a new Counter Initialization cycle. (The 


Condition for Setting Individual Interrupt Flag 


Frequency Comparison Interrupt Generated if Gate Input Period (1/F) is less 
than Counter Time Out (TO) 

Frequency, Comparison Interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 


Interrupt Generated if Gate Input ‘‘Down Time” is less 
than Counter Time Out (TO) 

Interrupt Generated if Gate Input ‘‘Down Time” is greater 
than Counter Time Out (TO) 







condition of G\-I-TO is satisfied, since a Time Out has oc- 
curred and no individual Interrupt has been generated.) 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after cal- 
culations) at the Gate input with the time period requested for 
Counter Time-Out. A negative transition of the Gate input 
enables the counter and starts a Counter Initialization cycle — 
provided that other conditions as noted in Table 7 are satisfied. 
The counter decrements on each clock signal recognized during 
or after Counter Initialization until an Interrupt is generated, a 
Write Timer Latches command is issued, or a Timer Reset con- 
dition occurs. It can be seen from Table 7 that an interrupt 
condition will be generated if CRX5 = “0” and the period of the 
pulse (single pulse or measured separately repetitive pulses) at 
the Gate input is less than the Counter Time Out period. If 
CRX5 = “1”, an interrupt is generated if the reverse is true. 
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Assume now with CRX5 = “‘1” that a Counter Initialization 
has occurred and that the Gate input has returned “Low” prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter Initiali- 
zation Cycle. The process will continue with frequency com- 
parison being performed on each Gate input cycle until the 
mode is changed, or a cycle is determined to be above the 
predetermined limit. 


® Pulse Width Comparison Mode (CRX3 = “1”, CRX4 =“'1"") 
This mode is similar to the Frequency Comparison Mode 
except for a positive, rather than negative, transition of the Gate 


input terminates the count. With CRX5 = “0”, an Individual 
Interrupt Flag will be generated if the “Low” level pulse applied 
to the Gate input is less than the time period required for 
Counter Time Out. With CRX5 = “1”, the interrupt is generated 
when the reverse condition is true. 

As can be seen in Table 8,a positive transition of the Gate 
input disables the counter. With CRX5 = “0”, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 


Table 7 Frequency Comparison Mode 






! represents the interrupt for a given timer. 


CRX3 = "1", CRX4 = “0” 


Control Reg Counter Counter Enable Counter Enable Interrupt Flag 
Bit 5 (CRX5) Initialization Flip-Flop Set (CE) | Flip-Flop Reset (CE) Set (1) 







TO Before Gy 


W+R+I 





Table 8 Pulse Width Comparison Mode 








CRX3 = 1", CRX4=°1" 


Control Reg | Counter Counter Enable 
Bit 5 (CRX5) Initialization Flip-Flop Set (CE) 


1eWeR 


Counter Enable Interrupt Fiag 
Flip-Flop Reset (CE) Set (1) 


W+R+1+G Gt Before TO 





G = Level sensitive recognition of Gate input. 


j 
1 W+R+I+G TO Before Gt 
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Table 9 Control Register Programming 









Register 2 
Reg #3 May Be Written 
Reg #1 May Be Written 


Register 3 
T3 Clik +1 
T3 Cik +8 


Register 1 
“O''| All Timers Operate 


"1 All Timers Preset 















— External Clock (CX Input) 
“"1°'| Internal Clock (Enable) 


“0’'| Normal (16-Bit) Count Mode 
“*1’’| Dual 8-Bit Count Mode 


Continuous Operating Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 
Frequency Comparison Mode: Interrupt if Gate rt 4 is < Counter Time Out 
Continuous Operating Mode: Gate | or Reset Causes Counter Initialization 

Pulse Width Comparison Mode: pare if Gate t.. if is < Counter Time Out 

Single Shot Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 
Frequency Comparison Mode: Interrupt If Gate tl ts > Counter Time Out 

Single Shot Mode: Gate | or Reset Causes Counter Initialization 


Pulse Width Comparison Mode: Interrupt If Gate Y 3 is > Counter Time Out 


“O''| interrupt Flag Masked ({RQ) 
“1''| Interrupt Flag Enabled (IRQ) 


7/6] 5[4/3]2] 1/0) aa Timer Output Masked 
XX! °'1"| Timer Output Enable 


(NOTE) Reset is Hardware or Software Reset (RES = “‘Low” or CR10 = “1"’), 
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= NOTE FOR USE (HD6340 only) ® Notes for the O, — 03 Outputs Noise 
Input signal, which is not necessary for user’s application, (1) Phenomenon 
should be used fixed to “High” or “Low” level. This is applica- When the excessive load capacitance is connected to data 
ble to the following signal pins. bus and GND wiring impedance is not neglectable in the system 
Ci, C,,C3, Gi, G2, Gs using HD6340, the noise appears in O; — O3 outpus in the read 


cycle as indicated in Fig. 10 which may cause the erroneous 
operation of the system. 
# RESTRICTION FOR USE 











E 
0 XOX 
CS 
R/W 
Do~D, 
we i 
O; ~ O3 





Figure 10 The O, — 03 Outputs Noise in the MPU Read Cycle 







(2) Cause = 
When the data buffer turns from “H’’ to “‘L’’, the excessive 
transient current runs to the GND (the discharge current of the - 
data bus load capacity). Therefore, the noise occurs in the GND 
pin of the LSI because of the impedance of the GND wiring | l 
(resistance and inductance). See Fig. 11 for the details. 
Fig. 12 indicates the dependence of the noise voltage upon | 
each parameter. l 
| | 
| 
ZI 
AK 
HD6340 
Figure 11 Cause of the Noise 
: Pe = ; 
Vec Cd 
Vn Vn 
2g N 
‘Vn: Noise voltage Zg: GND impedance 
Cd: Data bus load capacitance N : Number of data bus which changes 


according to H -L. 


Figure 12 The Dependence of the Noise Voltage upon Each Parameter 
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However, it is important to consider the fact that the noise voltage 


varies according to the type of parameter as indicated in Fig. 12. 


(3) Countermeasures 


When the noise cause the erroneous operation of the system, the 


countermeasures to be taken are as follows. 
(a) Latch the O, —O; outputs by the falling edge of the signal ‘‘E”’. 


Precautions when using Timer 3 (HD6340 only) 

When using the HD63B40P Timer 3 under the conditions 
1) external clock mode (CR31 = 0) 

2) + 8 prescaler unused (CR30 = 0) 


and changing the bits of the control register #3 except for the 


6340 LS174 


0, ~O;3 D 
CLK 
E 
C) 
(\ 


The latch added to prevent 
the noise (74LS174). 





This phenomenon occurs when tpsw (data setup time; 
standard spec. 60ns minimum) is less than 80ns, and does not 
occur when tpsw is greater than 80ns. 

Therefore, please avoid to use the HD63B40P in the above 
status when tpsw is less than 80ns. 


CR30 bit (e.g. in a case where the interrupt mask bit and O3 (This phenomenon doesn’t occur in the HD6340P and 
output enable bit are changed and the CR30 is not), there is HD63 A40P.) 
the possibility that one decrement clock may be omitted. 
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Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 65 








HD6844, HD68A44, 


HD68B44 


DMAC (Direct Memory Access Controller) 


The HD6844 Direct Memory Access Controller (DMAC) 
performs the function of transferring data directly between 
memory and peripheral device controllers. It controls the 
address and data buses in place of the MPU in bus organized 
systems such as the HMCS6800 Microprocessor System. 

The bus interface of the HD6844 includes select, read/ 
write, interrupt, transfer request/grant, and bus interface logic 
to allow the data transfer over an 8-bit bidirectional data bus. 
The functional configuration of the DMAC is programmed via 
the data bus. The internal structure provides for control and 
handling of four individual channels, each of which is separately 
configured. Programmable control registers provide control for 
the transfer location and length, individual channel control and 
transfer mode configuration, priority of servicing, data chaining, 
and interrupt control. Status and control lines provide control 
to the peripheral controllers. 

The mode of transfer for each channel can be programmed as 
cycle-stealing or a burst transfer mode. 

Typical applications would be with the Floppy Disk Con- 
troller (FDC), etc.. 


@ FEATURES 

@ Four DMA Channels, Each Having a 16-Bit Address 
Register and a 16-Bit Byte Count Register 

@ 1M Byte/Sec (HD6844), 1.5 M Byte/Sec (HD68A44), 

2.0M Byte/Sec (HD68B44) 

Maximum Data Transfer Rate 

Selection of Fixed or Rotating Priority Service Control 

Separate Control Bits for Each Channel 

Data Chain Function 

Address Increment or Decrement Update 

Programmable Interrupts and DMA End to Peripheral 

Controllers 

® Compatible with MC6844, MC68A44, MC68B44 


# BLOC;". DIAGRAM 


Address/Control and Interrupt 


Select and Control 
ce 













Register 


Byte Count 
Register 


Data Control 

Bus hannel 
Control 
Register 






Priority 
Control 
Register 


HD6844P, HD68A44P, HD68B44P 





(DP-40) 


= PIN ARRANGEMENT 


HD6844 





(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 


fem Unik 
Supply Voltage v 
Operating Temperature te 
Storage Temperature °C 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be 
under recommended operating conditions. If these conditions are exceeded, tt could affect 
reliability of LSI. 


# RECOMMENDED OPERATING CONDITIONS 


Item Fane A Le ee Unit 


V 
ei a A 
Operating Temperature [Tape | 20 | 25 | 78 |e 


* With respect to Vgg (SYSTEM GND) 


m ELECTRICAL CHARACTERISTICS (Vcc=5V+15%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 
@ DC CHARACTERISTICS 


input “Low” Voltage aC Ef We v 





retin | EERO |e wommee as | = [an | 
ae re werew w| = [ fo 
oo; ont0GA ea = 
Output “High” Voltage Tlon=t4uA SSC a | dC 
oe ion==100UA P2ep = | — | 
Output “Low” Voltage | Vor | loLr=1.6mA Fo | = | 04 | V 
Source Current___—[ OS/TXAKB ‘| _less | VnrOV,Fig 10 —*(| | 10 | 16 | mA 
Power Dissipation | Pp | tst—SSCSiSY | 500 | 1000 | mW 
ae a es ee 
ose Copscone —| Re” dalam Moth oa 
TxRQo~3, RES, 
Output Capacitance | Cour | Vin OV, To=25°C, fIMHz_ | - | - | 12 | oF 


* Voc=5.0V, T,=25°C 
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@ AC CHARACTERISTICS (Load Condition Fig. 9) 
1, CLOCK TIMING 


¢,DMA Pulse Width “High” Level | PWon | Fig 2 | 
Fig 2 


¢, OMA Rise and Fall Time tor, tor 


2. DMA TIMING (Load Condition Fig. 9) 


Test 


$ 
Item Symbol Condition 


¢, DMA Rising | 

Edge tras1 
TxRQ Setup Time 

¢, DMA Falling tras? 

Edge 

¢, OMA Rising , 

Edge TQH!1 
TxRQ Hold Time 

¢,DMA Falling ‘ 

Edge TQH2 


HD6844 HD68A44 HD68B44 ' , 
ni 


DGRNT Setup Time | OGRNT 
DGRNT Hold Time DGRNT 


Address Output Ay ~A,s, R/W, 


Delay Time TxSTB 


ns 


ns 





Address Output Ay~A,;, RW LS ns 
Hold Time TxSTB ee | 


Address Three-State om ' 


Address Three-State 





Le) N 
wi ~ 


Recovery Time Ay ~A,s, R/W taTSR 270 ns 
Delay Time DRQH, DROT 375 ns 


DMA Rising 250 


TxAK Delay Time ns 


DGRNT Rising 


m mo 

oO! a 

® ® 

z K 

Oo 
Bul. 7 
= 
“I 


¢, OMA Falling 
IRQ/DEND Delay 


Time DGRNT Rising 
Edge 


ns 


ii 
jo% 
© 
@ 


3. BUS TIMING 
1) READ TIMING 


is ace Test HD6844 HD68A44 HD68B44 


Address Setup Time A, ~A,, R/W, 


H 
Ss 


ns 


” 


Address Input Hold | A,~A,,R/W, 
Time cs ne 


Data Delay Time D,~D, ns 


Data Access Time ns 


Data Output Hold 


Time D.~D, 


ns 
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2) WRITE TIMING 


Test HD6844 HD68A44 HD68B44 


Item Symbol 





Unit 
Address Input Hold | A,~A,, R/W, Ne 
Time cs Fig. 2 
— Pete tbe tt te tt Te 
Time 
IRQ” DENOD 
CS/TxAKB 
DRQT 
OGRNT 
ORQH 
BYTE COUNT REGISTER 
(16x 4) 
TxR@Q 
TxRQi 
TxRQ2 
&:DMA TxRQ: 
TxSTB 
TxAKA 
RES ——— 


Vcc —— 


Vss ———2 


Figure 1 Expanded Block Diagram 
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¢, DMA 


A, ~A, (input) 
R/W (Input) 
CS (input) 


D,~D, (Output) 
(Read Operation) 


D,~D, (Input) 
(Write Operation) 


¢,DMA 


TxRQ, ~TxRQ, 








teyed 
tor PWoH tor PWot 
2.0V 2.0V 2,0V 
0.8V 0.8V 0.8V 
tas taAHI 
/ 2.0V 2.0V \ 
0.8V 0.8V 
tpDR , 
DHR 
tacc 
2.4V .4V 


| 0.4V 0.4V: y 





Figure 2 Read/Write Sequence 





Figure 3 Timing of TxRQ Input 
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2.0V 
¢, DMA 
0.8V Rest Goan cies 
toGs tocs> 
2.0V ea nen weeaga & & 
DGRNT 
0.8V 


Hold Timing 


o,DMA 
0.8V 
toGH 
2.0V 
DGRNT 
0.8V 


Figure 4 Timing of DGRNT Input 





2.0V 
¢,DMA 
DRQT : 
0.4V 
tTKD1 
2.4V 
TxAKA 4 
‘CS/TxAKB (Output) 
0.4V 


Figure 5 Timing of DROH, DRQT, TxAK Outputs 
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¢, DMA 
0.8V 
tap 
taHo 
| 2.4V | 
A,~A,; (Output) 
R/W (Output) 
TxSTB 
0.4V 
top—eEDp1—~ 
2.4V 
1RO/DEND 
0.4V 


Figure 6 Timing of Address and |RO/DEND Outputs 


Recovery Time of Address Three-state 


2.0V 
¢,DMA (or DGRNT) 
taTsR— 
2.4V 
Ao ~Ais 
R/W 
0.4V 


Delay Time of Address Three-state 





¢@2 DMA (or DGRNT) 


Ao ~Ays 
R/W 


tAHO 
Figure 7 Timing of Address Three-state 
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DGRNT 


CS/TxAKB (Output) 





TRO/OEND 
Figure 8 Timing of Synchronous DGRNT Output 
5.0V 
2.4k2Q Test terminal 
D, 
Test terminal Ao~Ai1s, R/W 
CS/TxAKB 
C R D, All other outputs 
Ds D, ~D, : 182074 @) or equivalent. 
D, 
Figure 9 Load Circuit 
[eS ee ee Se ge a an ee ee) ee le pas eS oe at oa | 
HD6844 


TxAKB output 


0.C. Ammeter 





TxAK ENABLE 





CS input 


a a ah a a ae et a ae 


Figure 10 Source Current Measurement Circuit for CS/TxAKB Terminal 
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= DEVICE OPERATION 

The DMAC has fifteen addressable registers, eight of them 
are sixteen bits in length. Each channel has a separate Address 
Register and a Byte Count Register, each of which is sixteen 
bits. There are also four Channel Control Registers. The three 
General Control Registers common to all four channels are the 
Priority Control Register, the Interrupt Control Register, and 
the Data Chain Register. 

To prepare a channel for DMA, the Address Registers must 
be loaded with the starting memory address and the Byte Count 
Register loaded with the number of bytes to be transferred. The 
bits in the Channel Control Register establish the direction of 
the transfer, the mode, and the address increment or decrement 
after each cycle. Each channel can be set for one of three 
transfer modes: Three-State Control (TSC) Steal, Halt Steal, or 
Halt Burst. Two read-only status bits in the Channel Control 
Register indicate when the channel is busy transferring data and 
when the DMA transfer is completed. 

The Priority Control Register enables the transfer requests 
from the peripheral controllers and establishes either a fixed 
priority or rotating priority scheme of servicing these requests. 

When the DMA transfer for a channel is complete (the Byte 
Count Register is zero), a DMA End signal is directed to the 
peripheral controller and an IRQ goes to the MPU. Enabling of 
these interrupts is done in the interrupt Control Register. The 
IRQ flag bit is read from this register. 

Chaining of data transfers is controlled by the Data Chain 
Register. When enabled, the contents of the Address and Byte 
Count Registers for channel #3 are put into the registers of the 
channel selected for chaining when its Byte Count Register 
becomes zero. This allows for repetitively reading or writing a 
block of memory. 

During the DMA mode, the DMAC controls the address bus 
and data bus for the system as well as providing the R/W 
line and a signal to be used as VMA. When a peripheral 
device controller desires a DMA transfer, it is requested by a 
Transfer Request. Assuming this request is enabled and meets 
the test of highest priority, the DMAC will issue a DMA 
Request. When the DMAC receives the DMA Grant, it gives a 
Transfer Acknowledge to the peripheral device controller, at 
which time the data is transferred. When the channel’s Byte 
Count Register equals zero, the transfer is complete and a DMA 
End is given to the peripheral device controller, and an IRQ is 
given to the MPU. 





@ Initialization — 

During a power-on sequence, the DMAC is reset via the RES 
input. All registers, with the exception of the Address and Byte 
Count Registers, are set to a logic “O” state. This disables all 
requests and the Data Chain function while masking all 
interrupts. The Address, Byte Count, and Channel Control 
Registers must be programmed before the respective transfer 
request bit is enabled in the Priority Control Register. 


@ Transfer Modes 

There are three ways in which a DMA transfer may be done. 
The one used is determined by the data transfer rate required, 
the number of channels attached, and the hardware complexity 
allowable. Refer to Figures 12, 16 and 17. 

Two of the modes, TSC Steal and Halt Steal, are done by 
cycle-stealing from the MPU. The Three-State Control (TSC) 
Steal mode is initiated by the DMAC bringing the DRQT line 
“Low’’. This line goes to the system clock driver which returns a 
“High” on DGRNT on the rising edge of the system ¢, clock. 





The DGRNT signal must cause the address control and data 
lines to go to the high impedance state. The DMAC now 
supplies the address from the Address Register of the channel 
requesting. It also supplies the R/W signal as determined from 
the Channel Control Register. After one byte is transferred, 
control is returned to the MPU. This method stretches the ¢, 
and $2 clocks while the DMAC uses the memory. 

The second method of cycle-stealing is the Halt Steal mode. 
This method actually halts the MPU instead of stretching the $1 
clock for the transfer period. This mode is initiated by the 
DMAC bringing the DRQH line “Low”. This line connects to 
the MPU HALT input. The MPU Bus Available (BA) line is the 
DGRNT input to the DMAC. While the MPU is halted, its 
Address Bus, Data Bus, and R/W are in the high impedance 
state. The DMAC now supplies the address and R/W line. After 
one byte is transferred, the HAT line is returned “High” and 
the MPU regains control. In this mode, the MPU stops internal 
activity and is removed from the system while the DMAC uses 
the memory. 

The third mode of transfer is the Halt Burst mode. This 
mode is similar to the Halt Steal mode, except that the transfer 
does not stop with one byte. The MPU is halted while an entire 
block of data is transferred. When the channel’s Byte Count 
Register equals zero, the transfer is complete and control is 
returned to the MPU. This mode gives the highest data transfer 
rate, at the expense of the MPU being inactive during the 
transfer period. 








@ INPUT/OUTPUT FUNCTIONS 


@ DMAC Interface Signals for the MPU 

The DMAC interfaces with the HMCS6800 MPU through the 
eight-bit bidirectional data bus, the CS line, five address lines, 
an IRQ line, the Read/Write line, and the RES line. These sig- 
nals, in conjunction with the HMCS6800 VMA output, permit 
the MPU to have access to the DMAC. Four other lines as- 
sociated with the MPU and the clock driver are the DRQT, 
DRQH, DGRNT, and the ¢, DMA. 








Bidirectional Data (D) ~D-) 

The Bidirectional Data lines (Dp~D- ) allow for data transfer 
between the DMAC and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance state 
except when the MPU performs DMAC read operations. 


Chip Select/Transfer Acknowledge B (CS/T x AKB) 

This line is multiplexed, serving both as an input and an 
output. CS/TxAKB is an output in the four-channel mode 
during the DMA transfer. At all other times, it is a high 
impedance TTL compatible input used to address the DMAC. 
The DMAC is selected when CS/TxAKB is “Low”. VMA must 
be used in generating this input to insure that false selects will 
not occur. Transfers of data to and from the DMAC are then 
performed under the control of the ¢2 DMA, Read/Write, and 
Ao™Ag address lines. In the four-channel mode when TxAKB is 
needed, the CS gate must have an open-collector output (a 
pull-up resistor should not be used). In the two-channel mode, 
CS/TxAKB is always an input. 


Address Lines (Ay ~Aq) 

Address lines Ag~A, are both input and output lines. In the 
MPU mode, these are high impedance inputs used to address the 
DMAC registers. In the DMA mode, these lines are outputs 
which are set to the contents of the Address Register of the 
channel being processed. 
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interrupt Request/DMA End (IRQ/DEND) 

IRQ/DEND is a TTL compatible, active “Low” output that 
is used to interrupt the MPU and to signal the peripheral 
controller that the data block_transfer_has ended. If the 
Interrupt has been enabled, the IRQ/DEND line will go ““Low” 
after the last DMA cycle of a transfer. An open collector gate 
must be connected to DGRNT and IRQ/DEND to prevent false 
interrupts from the DEND signal when interrupts are not 
enabled. Refer to the section of ‘DMA End Control’. 








Read/Write (R/W) 

Read/Write is a TTL compatible line that is a high impedance 
input in the MPU mode and an output in the DMA mode. In the 
MPU mode, it is used to control the direction of data flow 
through the DMAC’s input/output data bus interface. When 
Read/Write is “High” (MPU read cycle) and the chip is selected, 
DMAC data output buffers are turned on and a selected register 
is read. When it is “Low”, the DMAC output drivers are turned 
off and the MPU writes into a selected register. 

In the DMA mode, Read/Write is an output to drive the 
memory and peripheral controllers. Its state is determined by 
bit O of the Channel Control Register for the channel being 
serviced. When Read/Write is “High”, the memory is read and 
the data from the memory is written into the peripheral 
controller. When it is ““Low’’, the peripheral controller is read 
and its data stored in the memory. In the DMA mode, the 
DMAC data buffers are off. 


Reset (RES) 

The RES input provides a means of resetting the DMAC from 
an external source. In the “‘Low” state, the RES input causes all 
registers, with the exception of the Address and Byte Count 
Registers, to be reset to the logic “0” state. This disables all 
transfer requests, masks all interrupts, disables the data chain 
function, and puts each Channel Control Register into the 
condition of memory write, Halt Steal transfer mode, and 
address increment. 


@ Transfer Signals to the MPU 

Two DMA request output lines and a DMA Grant input line, 
together with the system clock, synchronize the DMAC with the 
MPU system. 


DMA Request Three-State Control Steal (DROT) 

This active “Low” output requests a DMA transfer for a 
channel configured for the TSC Steal transfer mode. This line is 
connected to the system clock driver, requesting a ¢; clock 
stretch. It will remain in the “Low” state until the transfer has 
begun. 


DMA Request Halt (DRQH) 

This active “Low” output requests a DMA transfer for a 
channel programmed for the Halt Steal or Halt Burst mode 
transfer. This line is connected directly to the MPU HALT input 
and remains “Low” until the last byte has begun to be 
transferred. 





DMA Grant (DGRNT) 

This is a high impedance input to the DMAC, giving it 
control of the system busses. For the TSC Steal mode, the signal 
comes from the system clock drive circuit (DMA Grant), 
indicating that the clock is being stretched. For either of the 
Halt modes, this signal is the Bus Available from the MPU, 
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indicating that the MPU has halted and turned control of its 
busses over to the DMAC. For a design involving TSC Steal and 
Halt mode transfers, this input must be the OR of the clock 
driven DMA Grant and the MPU BA. 


¢, DMA 

Transferring in and out of the DMAC registers, sampling 
of channel request lines and gating of other control signals to 
the system is done internally in conjunction with the ¢, DMA 
high impedance input. This input must be the system memo- 
ry clock (non-stretched $2 clock). 


@ Transfer Signals From the Peripheral Controller 


Transfer Request (TxRQ,.~TxRQ; ) 

Each of the four channels has its own high impedance input 
request for transfer line. The peripheral controller requests a 
transfer by setting its TxRQ line ‘‘High’’ (a logic “1”). The lines 
are sampled according to the priority and enabling established in 
the Priority Control Register. In the Steal mode and the first 
byte of the Halt Burst mode, the TxRQ signals are tested on the 
positive edge of %2 DMA and the highest priority channel is 
strobed. Once strobed, the TxRQs are not tested until that 
channel’s data transfer is finished. In the succeeding bytes of the 
Halt Burst mode transfer, the TxRQ is tested on the negative 
edge of 2 DMA, and data is transferred on the next ¢, DMA 
cycle if TxRQ is “High”. 


@ Transfer Signals to the Peripheral Controller 

Two encoded lines select the channel to be serviced. A strobe 
line acknowledges the request and performs the transfer. The 
DEND line signals to the peripheral controller that the DMA 
transfer is completed. 


Transfer Acknowledge A (T x AKA) 

The Transfer Acknowledge A (TxAKA) is a TTL compatible 
output used in conjunction with the CS/TxAKB line to select 
the channel to be strobed for transfer and to give the DMA End 
Signal. In the two-channel mode, only TxAKA is used to select 
channel 0 or channel 1, and CS/TxAKB is always an input. 


Chip Select/Transfer Acknowledge B (CS/TxAKB) 

In the DMA mode, this dual purpose line is encoded together 
with TxAKA to select the channel being serviced. Table 1 shows 
the encoding order. 


Table 1 Encoding Order 


CS/TxAKB TxAKA Channel # 
0 a aes 0 
0 a aa 1 
1 ez Saree 2 
1 ae aaa 3 


( 
Transfer Strobe (TxSTB) 

The TxSTB causes acknowledgement to be given to the 
peripheral controller and transfers the data to or from the 
memory. This line is also intended to be the VMA signal for the 
system in the DMA mode. In a one-channel system, may 
be inverted and run to the peripheral controiller’s Acknowledge 
input. In a two or four-channel system, TxSTB enables the 
decode of TxAKA and CS/TxAKB to select the device 
controller to be acknowledged. 
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Interrupt Request/DMA End (IRQ/DEND) 

In the DMA mode, this dual purpose line is “Low” for the 
last byte of transfer, indicating a DMA End. This occurs when 
the Byte Count register decrements to zero. —_ 

This line, through the decode of TxAKA and CS/TxAKB, 
can be used to strobe a DMA End to each device controller. 


@ Address Lines to the Memory 


Address Lines (Ay~A;;) 

These output lines are in the high impedance state during the 
MPU mode. In the DMA mode, these lines are outputs which are 
set to the contents of the Address Register of the channel being 
processed. 


@ THE DMAC REGISTERS 

The HD6844 (DMAC) has Address Register (ADR), Byte 
Count Register (BCR), Channel Control Register (CHCR), and 
General Control Register (GCR). 

General Control Register (GCR) is composed of Priority 
Control Register (PCR) that controls priority among the chan- 


nels, Interrupt Control Register (ICR) that controls interrupt 





and Data Chain Control Register (DCR) that controls data chain 
function. Refer to Table 2 and Figure 1. 

These are Read/Write registers and MPU can exchange the 
data with DMAC when CS is at “Low” level. Ap~Aq specifies 
the address of the registers. How to specify the registers is 
shown in Table 2. 

2-byte ADR and BCR can be read or written by one instruc- 
tion, using 2-byte instruction of the MPU. 


® Function of Internal Registers 
ADR (Address Register) 

Each channel has 16-bit Address Register. Initial address of 
memory used for DMA transfer is programmed to this register. 
The contents of ADR are output to address bus (Ap~Ajs) 
during DMA transfer operation. When 1-byte transfer has com- 
pleted, the 16-bit address is incremented or decremented by 
one. 

The address which the MPU reads out is the renewed one, 
that is, the memory address for the next transfer. When 1-block 
transfer has completed, final memory address +1 or -1 is read 
out. 


Table 2 Internal Registers of the DMAC 








. | sitet | ono Address Bus Signal Address 
Ao exadecima 
Per ae ADRH 0 0 0 0 00 
ress Register ADRL 0 0 0 0 01 
BCRH 0 0 0 0 02 
Reai 

Byte Count Register BCRL 0 0 0 ry 03 
ADRH | 0 0 | 04 
Address Register ADRL 0 0 05 
: BCRH 0 0 06 
Byte Count Register BCRL 0 0 07 
. ADRH 0 0 08 
Address Register ADRL 0 0 09 
| BCRH 0 0 | OA 
Byte Count Register BCRL 0 0 0B 
: ADRH 0 oc 
Address Register ADRL 0 0D 
: BCRH 0 OE 
Byte Count Register 0 OF 
0 0 | 10 
0 0 11 
Channel Control Register 0 0 12 
0 0 13 


(NOTE) 1) All the registers can be accessed by Read/Write operation. Unused bit of the register is read out “0”. 
2) H/L of ADR and BCR means the higher (H) 8 bits/the lower (L) 8 bits of a 16-bit register. 
3) Being allocated to continuous address, 16-bit ADR and BCR can be read or written by one instruction, using MPU’s 2-byte 


LOAD/STORE instruction. 


Register Address 
eg.LDX $ e » OC 
Address of DMAC 


satecerenene (ADRH 3) — (Index Register H) 
(ADRL 3) — (index Register L) 
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BCR (Byte Count Register) 

Each channel has a 16-bit Byte Count Register. Number of 
DMA transfer words is programmed into this register. The con- 
tent of the Byte Count Register is decremented by one everytime 
one-byte transfer has completed. When it becomes “0”, DEND 
output goes “Low” level and informs I/O controller of the end 
of one-block DMA transfer. When IRQ is not masked, IRQ out- 
put goes ‘“‘Low” level and MPU is interrupted to be informed of 
the end of DMA transfer. Moreover, IRQ and DEND signals are 
output, multiplexed with IRQ/DEND pin. 








CHCR (Channel Control Register) 
Each channel has Channel Control Register. This register is 
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used to program the control information of its corresponding 
channel. Structure of CHCR is shown in Table 3. 


(1) 


R/W Control (specifies the direction of transfer) 
Bit — CHCR Bit 0 

This bit controls the direction of DMA transfer. When it 
is at “1”, R/W signal of DMAC goes “High” level during 
DMA transfer operation. This means to read out memory 
and write into I/O controller, that is, data is transferred 
from memory to I/O controller. 

When it is at “0”, R/W output goes “Low” level and 
data is transferred from I/O controller to memory. 


Table 3 Bit Structure of CHCR (Channel Contro! Register) 


: Functi 
6 a - 
Transfer from memory Transfer from 1/O 
0 R/W R/W to 1/0 controller controller to memory 
(R/W output = “High’”’) (R/W output = “Low’’) 
i Burst/Oycle Steal Cycle Steal Mode” 
2 TSC/HALT TSC Mode HALT Mode * 
3 Address down/up Address: -1 Address: +1 
4 | Notued = =| EO - |  CN—S = 
5 | ~Notued | CT OE = 
Busy Reaay 
6 Busy/Ready Flag PR (DMA Transfer Operation) (No DMA Transfer Operation) 
7 DEND Flag Pe ae DMA End & Interrupt No Interrupt 


* Burst transfer in TSC mode is prohibited. R: Read, W: Write 


put when R/W input is at “Low” level (In the case of (4) Address down/up Bit — CHCR Bit 3 
MPU’s read operation, I/O device outputs the data when it This bit is used to decide that the address of memory 
is at “High” level). region used for DMA transfer should be renewed up (incre- 
This arises from that during DMA transfer operation, ment of address) or down (decrement of address), When it 
I/O side performs data transfer independently instead of is at “1”, the address is decremented by one after one-byte 
MPU. Moreover, such family LSI as HD6843 (FDC), etc. transfer. When it is at “0”, the address is incremented by 
has this function and R/W signal is automatically inter- one. 
preted inversely. (5) Busy/Ready Flag Bit — CHCR Bit 6 
(2) Burst/Cycle Steal Bit — CHCR Bit 1 This bit is a status flag to indicate whether its corres- 
This bit is used to decide that DMA transfer should ponding channel is performing DMA transfer or not. 
be performed in burst mode or cycle steal mode. When it (READ only) 
is at “‘1”’, it specifies burst mode. That is, once DMA trans- When it receives the first TxRQ of its corresponding 
fer is performed, MPU remains stopped until one-block data channel, it goes to “1”. When one-block transfer is com- 
transfer is completed. pleted and BCR becomes ‘‘0”,, it is reset to “‘0”’. 
When this bit is “0”, it specifies cycle steal mode. That Also this flag is cleared when corresponding TxRQ - 
is, everytime one-byte transfer has completed, MPU takes Enable Bit in the PCR becomes “0”. 
back the bus control, and DMA transfer and MPU operation (6) DEND Flag Bit — CHCR Bit 7 
are performed in time sharing. This bit is an interrupt flag to indicate that one-block 
(NOTE) Only in the case of HALT mode, burst mode can DMA transfer of its corresponding channel has completed. 
be specified. In TSC mode, burst mode cannot (READ only). 
be specified. When one-block transfer of its corresponding channel is 
(3) TSC/HALT Mode Bit — CHCR Bit 2 completed and BCR becomes “0”, it goes to “1”. As soon 
This bit is used to decide that DMA transfer should be as this flag is read out, i.e. CHCR of this channel is read 
© HITACHI 


Note that during DMA transfer operation, the function of 
R/W signal is accommodated to the memory Read/Write 
operation. Therefore, on the side of I/O device during DMA 
transfer operation, R/W input should be interpreted in 
inverse of the MPU Read/Write. That is, data should be out- 
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performed by using MPU’s TSC function or HALT func- 
tion. When it is at “0”, DMA transfer request signal is output 
from DRQH of DMAC. 

When it is at “1”, DMA transfer request signal is output 
from DRQT of DMAC. 
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out, it is reset to ‘‘0”’. 

Moreover, this bit is connected to IRQ output. When it 
is at “1” and IRQ enable bit (within ICR register described 
later) is at “1”, IRQ output goes “Low” level. 





PCR (Priority Control Register) 

Priority Control Register is a 5-bit register to decide the 
operation mode of priority control circuit. Structure of PCR is 
shown in Table 4. 


Table 4 Bit Structure of PCR (Priority Control Register) 


No. /Write 

3 
3 RW 

| oe ae 
5 |f Notused == {| - | 
2 as ee 
: 


R: Read, W: Write 


(1) TxRQ Enable Bit (TxENo~TxEN; ) — PCR Bit 0~3 

Each channel has this TxRQ Enable bit. When it is at 
“1”, TxRQ input of its corresponding channel is accepted 
to perform DMA transfer. When it goes to “0’’, TxRQ of its 
corresponding channel is masked not to be received and 
TxAK is not output. During DMA transfer operation, when 
this bit goes to “0”? before BCR becomes “0”, following 
TxRQ input is not accepted and DMA transfer is inter- 
rupted. Then contents of ADR and BCR remain unchanged. 
When it rises to “1’’ again, DMA transfer is reopened. 
Therefore, in the case of cycle steal DMA, it is possible for 
the program to change the priority of the specific channel 
temporarily by manipulating this bit. 

Rotate Control Bit — PCR Bit 7 

When this bit is at “O’’, the order of priority among 
DMA channels is fixed at numerical order. That is, Channel 
0 is given a first priority and then is followed by Channel 
L293, 

When this bit is at “1’’, priority control is due to rotate 
mode. That is, the channel that ended in the first time is 
given a first priority and the channel ended in the last time 
is controlled to be given a last priority. 


(2) 


ICR (Interrupt Control Register) 
Interrupt Control Register is a 5-bit register to control IRQ 
output. Its structure is shown in Table 5. 
(1) IRQ Enable Bit — ICR Bit O~3 
Each channel has IRQ Enable Bit. When this bit is at “1” 
and DEND Flag of its corresponding channel is set to “1”, 
IRQ output goes “Low” level. But when it is at “0”, IRQ 
output is masked not to be output even if DEND Flag is set 
to “1”. 
These bits enable to control to output only a necessary 
channel to IRQ. 
(2) IRQ Flag — ICR Bit 7 





TxRQ of Channel 0 is accepted. 
TxRQ of Channel 1 is accepted. 
TxRQ of Channel 2 is accepted. 
TxRQ of Channel 3 is accepted. 


Function 

“gr 
TxRQ of Channel! 0 is not accepted. 
TxRQ of Channel 1 is not accepted. 
TxROQ of Channel 2 is not accepted. | 
TxRQ of Channel 3 is not accepted. 


The order of priority is fixed at 


Rotate Mode numerical order. 


This is a read-only bit and the status of IRQ output is 
directly reflected on it. That is, when IRQ output goes to 
“Low” level, it becomes “1”’. 

IRQ output of DMAC is output as logical OR of 4 
channel DEND Flag according to the following equation. 
IRQ = (DEND, :IRQ Enable, ) + (DEND, *IRQ 

Enable, ) + (DEND, -IRQ Enable, ) + 
(DEND; *IRQ Enable; ) 


DCR (Data Chain Control Register) 

Data Chain Control Register is a 4-bit register and three of 
those bits are used to control data chain function. Remaining 
one bit is used to specify 2-channel/4-channel mode. 

Structure of DCR is shown in Table 6. 

(1) Data Chain Enable Bit — DCR Bit 0 

When this bit is at “1’’, data chain function of DMAC 
is enabled. That is, when DMA transfer of a specified chan- 
nel has completed and BCR goes to “0”, the contents of 
ADR and BCR of Channel #3 are automatically transferred 
to ADR and BCR of the specified channel. 

Data Chain Channel Bit —- DCR Bit 1~2 

These bits are used to specify which channel should 
be used for the data chain. How to specify the channel is 
shown in Table 7. Data Chain Channel bit specifies the 
channel to which data should be transfered from Channel 
#3. Channel #3 contains the data for replacement. Channel 
#3 is fixed and cannot be changed. 
2/4-channel Mode Bit — DCR Bit 3 

This bit has no relation to the data chain function. 

It is used to specify whether CS/TxAKB is used for only 
input pin or I/O pin. When this bit is “0”, CS/TxAKB be- 
comes C§ input pin in 2-channel mode since TxAKB output 
is not necessary for application up to 2-channel. 

When this bit is “1”, CS/TxAKB becomes I/O pin in 
4-channel mode (See Fig. 11). 


(2) 


(3) 
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Table 5 ICR (Interrupt Control Register) 


Read Function 
2 a eal v 


IRQ Enable #0 | R/W | IR (RO of Channel 0 is able to be output. | {RO output of Channel 0 is masked. 
1RQ Enable #1 Raw | iRO of Channel 1 is able to be output. | 1RO output of Channel 1 is masked. 


1RO Enable #2 1RO of Channel! 2 is able to be output. | [RO output of Channel 2 is masked. 
IRQ Enable #3 | RW | I aa of Channel 3 is able to be output. | [RO output of Channel 3 is masked. 


— Flag eo hee RO output “Low” 1RO output “High” (off state) 


R: Read, W: Write 


Table 6 Bit Structure of DCR (Data Chain Control Register) 


th Read | Function 
/Write “9” 


0 


Oyo; | @ | NY j— 


7 





Data Chain Enable Data Chain is performed. Data Chain is not performed. 


The channel which performs Data Chain is specified. 
Data Chain Channel (The channel where contents of ADR and BCR of Channel 
#3 are loaded.) | 
4-Channe!l Mode (CS/TxAKB is 2-Channel Mode (CS/TxAKB is 
2/4-Channel Mode 1/0 pin.) designated to only input pin.) 


ar a 7 
es 
a ae oe 


R: Read, W: Write 


Table 7 How to specify Data 
Chain Channel 







Specified 
Channel 


annel #0 
annel #1 
annel #2 









TTL Input 










if t 

' i 

Vec ! 

ees ; esac eed 

Ge . co) 

Execution Mode 

f 

{ or 

| ie ona ian 

| TxAKB t DGRNT 

' ; (BA of MPU) 
{ a ae 

—-—-- CS Input CS Input 

t { 

4 i] 

1 t 

' { 

' t 


open collector 
TTL output 


In CS input mode T1 turns ON and T2 turns OFF. T1 functions as pull-up resistance. 
Figure 11 How to Use CS/TxAKB Pin 
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® OPERATION OF THE DMAC 


@ Transfer Mode of the DMAC 

There are three DMA transfer modes such as HALT Cycle 
Steal, HALT Burst and TSC Cycle Steal. Operation in each 
mode is explained in the following. 
HALT Cycle Steal Mode 

This is a basic DMA transfer mode utilizing HALT state of 
MPU. In this mode, everytime 1-byte transfer has completed, 
MPU takes back the bus control and executes instruction 
cycle. That is, DMA transfer and MPU operation are performed 
in time sharing. 

Timing chart is shown in Fig. 12 and flow chart is shown in 
Fig. 13. Procedure of transfer operation is the following. (No. 
@ ~ @ in Fig. 12 correspond to the following items.) 


@ TxRQo~TxRQ; input is checked at the rising edge of 
@2DMA. When it is at “‘High”’ level, it gets into the following 
operation. 

@ DROQH=“Low” is output and MPU is requested to stop its 
operation. 

@ TxAKA is driven (Level output). 

@ MPU stops its operation and DMAC waits until DGRNT goes 
to “High” level. 

© When DGRNT goes to “High” level, DMAC drives TxAKB, 
Ao™~A,s5 and R/W lines. 

TXSTB is given to perform DMA transfer. 

@ Address is incremented or decremented by one and number 
of transfer words is decremented by one. 


M PU - 
Last Cycle of Instruction 


When DROH rises to “High” level, MPU gets into Instruction 
Cycle again. 

@ TxRQ falls to “Low” level. 

Ao~Ais and R/W get into high impedance state again. 

4@) DGRNT falls to “Low” level. 


[Note] TxRQo~TxRQ3 input in HALT cycle steal is, in 
principle as shown in Fig. 12, set to “High” every 1- 
byte transfer on account of I/O request. When TxSTB 
of the DMAC is driven, it is reset to ‘““Low’’. Take care 
not to be against this principle, or the following states 
may happen. 

(1) In the case where TxRQ becomes “High’’, but it 
is reset to “Low” before DGRNT becomes “‘High’’. 
In this case, the DMAC is in the wait state without 
sending out TxSTB until TxRQ rises to “High” 
again. As DRQH remains “Low” the MPU is forced 
to be stopped, and the system is in dead lock state 
until TxRQ rises to ‘“‘High”’ again (Fig. 14). 

(2) In the case where TxRQ is not reset to “Low” 
though TxSTB has been driven. 
In this case, unless TxRQ returns to ““Low’’ by the 
time ¢2DMA rises after TxSTB has risen to “High’’, 
it is considered as a new I/O request, which leads 
the above-mentioned operation ©,@—~>. 
If TxRQ falls to “Low’’ immediately after that, the 
same state as (1) happens (Fig. 15). 























#2DMA . | 
tran -— @ — tras ee elf trast : 
TxRQo ~T xRQs i ee ae NEARER EL eee. 
ns iS = 
DRQH T Ye Ane iene 
—-i —o! ,.! ' 
toa’ Nt toast Fy o] toa — 1 toes 
DGRNT ; ULL ' 1@ : 
' ’ i ‘ft Lett : ' ' 
' ' ' ;~ AD ae AD t 
TxsTB naa a 2 sae ! 
ts ' : ' 
e—~itrKoi® | | '  ! @itrKor 
' ' \ 
TxAKA 
ce, it TKoi 
(output) i tae! a 
t : ‘ 
Bes ni tas mi tan wHtro2 | 
Se) Se 
ry ' taHo 
A | tatsri = '® 
Ao~As,R/W -——— —K_OMA_> 
(output) “ tas™, ta tt xn 
= : , ATSO 
hema 
inpu ' : ' 
RE 





( e oe 
— = } x%** * * 
toep2 OMA END 


* TRG of another channel 
or its own IRQ (remaining) 
** Its own IRQ (output) or 
its own IRQ (remaining) 
or IRQ of another channel 
*** This is the last cycle 
of transfer 


Figure 12 HALT Cycle Steal Mode 
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RESET 


Initial State wait 
for Programming 
BCR 4 “9” 


TxEN = "1"? 




















YES 
Wait for TxRQ 
Input 
TxRQ = “High’’? Checked f 
@2DMA 
YES 








DRQH/DROT = “Low” 


Output 
Wait for MPU 
Response 
DGRNT="1°? _ 
YES 





DGRNT = “High”? 


Checked 
@2DMA a ee 





DMA Transfer_ 
(A,~A,,, R/W, TxSTB, 
TxAKA/B Output) 


Address: +1 or - 1 Number 
of Transfer words: -1 


BCR ="0" 


#0 
Burst/Cycle DRQH/DROT = “High” 
Steal? Output 


| Cycle Steal Mode 

















DRQH/DROT = “‘High’”’ 1RQ/OEND = “‘Low’”’ 
Output Output 


Figure 13 Flow Chart of DMAC Operation 
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DMA 
¢, OMA , 
TxRQ 
DGRNT 
TxSTB 
DRQH 

For this period, both the MPU and the DMAC 

are in the wait state. 

Figure 14 Extraordinary TxRQ Input (1) 
in the case where TxRQ is reset to 
“Low” before the transfer 
DMA 
@2DMA 
(A 

TxRQ 
DGRNT 
TxSTB 
DRQH 





in the wait state until the 


Both the MPU and the DMAC are 
next TxRQ input. 


Figure 15 Extraordinary TxRQ Input (2) 


In the case where TxRQ doesn’t fall to ‘‘Low” after 
the transfer has been completed. 
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HALT Burst Mode 

In the case of cycle steal mode, MPU gets into Instruction 
Cycle everytime 1-byte transfer has completed. But in the case 
of burst mode, MPU remains stopped until 1-block transfer is 
finished. That is, DRQH continues to be output “Low” level 
until BCR becomes “0”. 

Its timing chart and flow chart are shown in Fig. 16 and Fig. 
13 respectively. Procedure of transfer is the following (No. @ 
~ in Fig. 16 correspond to the following items). 

@TxRQ input is checked at the rising edge of 62 DMA. When 
it is at “High” level, it gest into the following operation. 

(2 DRQH=“Low”’ level is given and MPU is requested to stop its 
operation. 

@) TxAKA is driven. 

@ MPU stops and DMAC waits for DGRNT rising “High” level. 

© When DGRNT rises “High” level, DMAC drives TxAKB, Ao 
~A,s5, and R/W lines. 

© TxSTB is sent out to perform DMA transfer. 

(@ Address is incremented or decremented by one and number 
of transfer words is decremented by one. 

TxRQ falls to “Low” level. 

() When number of transfer words is 0, from @ to 
operations are performed. 
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When BCR is not ‘‘0”’, TxRQ is checked at the falling edge 
of ¢, DMA.When TxRQ is at “High” level, DMA transfer is 
performed through © ~ @) again. When TxRQ is not at 
_ “High” level, DMAC waits for becoming “High” level. 

@ IRQ/DEND output goes to ‘“‘Low” level. 

@ DRQH output rises to ‘High’ level and MPU gets into 

Instruction Cycle again. 

(3 Ao~Ay,s and R/W get into high impedance state. 

DGRNT falls to ‘“‘Low”’ level. 

The transfer of the first byte (© ~ ©) is performed in the 
same way as that in HALT cycle steal mode. But in the second- 
byte and subsequent transfer, TxRQ is checked at the falling 
edge of 62 DMA and if TxRQ is at “High” level, DMA transfer 
is performed at the following cycle. Therefore, a high-speed 
response (MAX. 1 byte/1 cycle) is feasible. 

In burst mode, TxRQ should be also, in principle, set to 
“High” when I/O request is asserted, and reset to “Low” when 
TxSTB goes to “Low”. If TxRQ is asserted as level input with- 
out being reset, DMA transfer is performed at all cycles of 
¢, DMA since TxRQ is always at “High” level at the falling edge 
of ¢,DMA. Its example is shown in the second-byte and the 
third-byte transfer in Fig. 16. 

















First-byte Second-byte Final-byte 
—————-MPU Dead [+ DMA “+ Dummy == DMA DMA | Dead Coes 
#$2DMA 
tras : i ow 
ee or Se eae 
inl | toe 8) oe , 
DROH ne 2 
DRQH = 1 
a ele a ae ee 
{ omni \ i == | 
ae 1 wiles 
TASS ! lo 4 © troy | 
' 
1 trot @ ' —— w-trko2 | 
TxAKA fore) crear aca ciserrercnmcemsian enraareo asc, CAO 
Tx AKB | trko2 | tom tetrkp. | 
(output) / (7 SEE ET = ) 7 ae 
Csi: 2a eee 
| tatsr ©*-itao — ‘tan “i tatso 
Ao~Ais, R/W <n >*_ EFEX oe 
(output) _ ' ; 
Ao~As, RW ) 
(input) 
IRQ. DEND @ ! 
Figure 16 HALT Burst Mode 
TSC Cycle Steal Mode extend clock E (¢2) of MPU. 


In the above-mentioned modes, DMA is performed by using 
the HALT function of the MPU. In TSC cycle steal mode, DMA 
is performed by using the TSC function of the MPU. 

Its timing chart and flow chart are shown in Fig. 17 and 
Fig. 13 respectively. 

Basic operation of the DMAC is the same as that in HALT 
cycle steal mode, but the detailed timing is different. The differ- 
ence is explained in the following. 

(1) DROT is used for DMA transfer request instead of DRQH. 
(2) DROT is sent to the external clock control circuit to 





(3) To DGRNT, the external clock control circuit inputs 
response Signals. 

In TSC mode, there isn’t a burst mode. Because the MPU 
clock cannot be extended for a long time because MPU per- 
forms dynamic operation. When TSC mode is specified, DRQT 
returns to “High” and the MPU gets into the instruction cycle 
everytime 1-byte transfer has finished. 
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When IRQ is 
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Figure 17 TSC Cycle Steal Mode 


® Priority Control 
Basic priority Control 

There are two kinds of the DMAC priority control function. 
One is to mask TxRQ on each channel by TxRQ Enable bit 
of PCR. The other is priority-order-determining-circuit which 
the DMAC has as a hardware. 

Moreover, the priority- order- determining- circuit has two 
operation modes (the rotate mode and the normal mode). 

Structure of the priority control circuit is shown in Fig. 18. 
As shown in Fig. 18, TxRQ of the channel whose TxRQ Enable 
bit is at “1” level becomes an input of the priority-order-deter- 
mining-circuit. Then it is checked whether TxRQ is at “High” 
level or not. 


(Note) In this case, ZERO flag needs to be at “1’’ level. ZERO 
flag will be described later. 

If one of TxRQ)~TxRQ; is at ‘‘High” level, its channel is 
selected, being given a first priority. Then it is latched by an 
executing-channel-number-latch-circuit to perform DMA trans- 
fer. Once an executing channel is determined and latched, it is 
unchanged until its DMA transfer has been completed. That is, 
the channel number strobe signal of DMAC doesn’t go to “1” 
and the contents of the channel-number-latch-circuit are un- 
changed. In the cycle steal mode, the channel is fixed until 
1-byte transfer has completed. In the burst mode, it is fixed 
until BCR becomes ‘‘0”’, 


© HITACHI 


84 


Hitachi America Ltd. ¢ 2210 O'Toole Avenue * San Jose, CA 95131 © (408) 435-8300 





HD6844,HD68A44,HD68B44 


TxRQ Enable Bit of PCR Rotate Mode Bit 






Channel Number Strobe Signal (Synchronous with ¢, ) 





TxRQ, rc 0 
3 The channel which is 
TxRQ, ~o 1 | executing DMA transfer 
32 now becomes “1”’. 
oe 2 All other lines are 
TxRQ, 2€ at ‘0’ level. 
55 
TxRQ, =38 3 
3 2 1 #0 Dee aeess teeeaiiaades 
Latch-Circuit 
(From ZERO Flag) 
Figure 18 Structure of Priority Control Circuit 
Therefore, once a long-period DMA transfer of a channel is once it is accepted and latched, the channel number cannot be 
performed in the burst mode, other channels need to wait until changed even though it returns to “Low’’. But as explained in 


it has completed even if they have higher priority than the chan- HALT Cycle Steal Mode, DMA transfer is not performed unless 

nel. Take much care to this point in designing response time to TxRQ rises to “High” again. 

TxRQ of DMA channel. Strobe timing of executing-channel-number-latch-circuit 

(Note) As explained above, TxRQ input is latched internally. So which allow modification or decision of executing channel is 
shown in Fig. 19. 


MPU DMA MPU 
¢, DMA 
TxRQ, ~TxRQ, ey eee 
TxSTB 
Strobe 
Grant signal 
of executing 
channel 
Strobe Strobe Strobe 
possible prohibited possible 
(Channel cannot 
be changed.) 
= possible 
(But channel under executing 
DMA transfer is prohibited.) 
Figure 19 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the cycle steal mode) 
But, as shown in Fig. 19, only the channel under executing performed when the reset timing of TxRQ is delayed. Strobe 


DMA transfer is prohibited to accept TxRQ during DMA trans- timing in the burst mode is shown in Fig. 20. 
fer operation, in order that one more byte transfer may not be 
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iAG/DEND \ 





Strobe 


Grant signal 
of executing 
channel 
nh rrr seen RNR eraeneaaemaentaaesacmsnemet § Ghee > 
Strobe Strobe prohibited Strobe 
possible possible 
Strobe possible 
(But channel under 
executing DMA transfer 
is prohibited.) 
Figure 20 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the burst mode) 
Rotate Mode which DMA was executed in the last sequence, is given a first 
There are two operation modes in priority-order-determining priority and the channel in the last sequence is given a last 


circuit. These are Normal Mode and Rotate Mode. In the normal _ priority. But immediately after it gets into the reset state, the 
mode, the order of priority is fixed at numerical order. (Channel order of priority is the following: Channel 0 > 1 >2 > 3. 

O is given a first priority and then is followed by Channel 1 > 2 An example of the rotate mode is shown in Fig. 21. 

+ 3.) In the rotate mode, the channel next to the channel with 


Channel Number #0 #1 #2 #3 

1. Order of Priority 1 —>2 3 4 
in the reset state 

t 
DMA transfer 

2. Order of Priority 3 4 71 —2 eso arvarels 
immediately after > order of 
Channel #1 has ~ priorit 
performed DMA J P Y. 
transfer DMA transfer 

3. Order of Priority 4 > 1 —2 —3 


immediately after 
Channel #0 has 
performed DMA 
transfer 


Figure 21 Example of Operation in the Rotate Mode 


Next, Fig. 22 shows an example of the difference between Moreover, BCR=2 and TxEN=1 are assumed. As a transfer 
the operation in the rotate mode and that in the normal mode. mode, HALT cycle steal mode is used. 
In this example, TxRQ of all channels is always at “High” level. 
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DMA Switching of Channel 


TxRQ, ~TxRQ, J 
me ee ee 


Channel 





Normal Mode 


Channel 





Rotate Mode 


SS 


executing [eo] Tei] lee] le] 1] les] 1] | 
mono tst—“‘C* ; RN UCM !!!”!”!™!™!™~«<C CUM 


Executing | #0] [#1] | #2] | #3] [eo] [#t] jf #2] | #3) 
TRO/DEND | | J L _J Lf 


[Note] Suppose that TxRQ, ~ TxRQ, 
= ‘'1" All channels are assumed to be in HALT cycle steal mode. 


= “High”, BCR = 2 and TxEN, ~ TxEN, 


Figure 22 Difference between the operation in the rotate 
mode and that in the normal mode 


The reason why the order of priority is not #0 > #0 > #1 
+ #] +> ——— in the normal mode is that during DMA transfer 
operation, TxRQ of an executing channel is prohibited from 
being accepted. 


DMA Operation Timing with priority control 

When more than 2 channels perform DMA transfer in paral- 
lel, the abovementioned priority-order-determining-circuit is 
used to determine the priority. The channel with lower priority 
waits until the channel with higher priority completes the 
transfer. Then it gets into DMA transfer operation. In this case, 
The following combinations of transfer modes are conceivable. 
(1) From HALT mode to HALT mode (Fig. 23) 

(2) From TSC mode to TSC mode (Fig. 24) 
(3) From HALT mode to TSC not (Fig. 25) 
(4) From TSC mode to HALT mode ; 

In changing from HALT mode to HALT mode, only one 
dead cycle is intervened. That is, even in the cycle steal mode, 
DMA transfer of the next channel is performed without return- 
ing the bus control to the MPU (DRQH remains “‘Low”). 

In changing from TSC mode to TSC mode, DMA transfer 


of the next channel is performed, after returning the bus control 
to MPU for one cycle. 

In the case of HALT > HALT, it doesn’t return the bus con- 
trol to MPU in order not to increase the response time of DMA 
transfer and dead cycles of the system. 

On the other hand, in the case of TSC > TSC mode, same 
mean cannot be applicable because MPU clock cannot remain 
stopped for a long time as in the case of HALT mode. 

Both in the case of HALT > TSC mode and in the case of 
TSC + HALT mode, DMA operation timing is based on the 
same idea as the above two kinds of mode change. (In detail, 
see Fig, 25). 

The timing in the case where the next byte is transfered with- 
out changing the channel is shown in Fig. 26. This is the case of 
HALT ~ HALT mode. In this case, the bus control returns to 
MPU, before the next byte is transfered. In the case of TSC > 
TSC mode, its timing is almost the same as than in Fig. 24, that 
is, after 1-byte transfer has completed, MPU executes the 
Instruction Cycle for one clock and then DMAC executes 1-byte 
transfer again. 
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——— MPU | Dead DMA —}-~Dead ~~ DMA {Dead MPU — 


#2 DMA 
TxRQa 
TxRQZ 


DRQH 


OGRNT 


TxSTB 


TxAKB 


TxAKB 
(output) 





CHa CHB 





CS (input) 
Rom Ais, RAW EE 
(output ) 


Bo~ Aas RW FE =r 


(input) 
IRQ /DEND 





Figure 23 Channel Change (HALT Mode > HALT Mode) 


MPU DMA MPU DMA MPU 





E ($2) 
$2 DMA 
TxRQa 
TxRQS 
ORQT 
CCT i Nc Ne 
TxSTB >_> __--——— ——>— er 
( J 
Tx AKA EE 
ee. Se ee eg 
(output) ' 
$ 


CS (input) 








Ao~ Ais. R/W 
(output) ' ra 


Nowa, RAW em eE 


(input) heal toen i toep1 
iRQ/DEND ~------------ , ees oe eee 









Figure 24 Channel Change (TSC Mode > TSC Mode) 
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HALT TSC MPU one instruction cycle HALT 
Dead [OMA—1 Dead | Deadt-OMA—{ Dead }-———MPU ——-; Dead —~—-DMA-{ Dead 
$2 OMA aa el ee ee ee a el Lee" Lr ee 
TxRQa SEARED, ERTS O.E.COR, 
rae? 
DRQH Geeta ne Ne ee Se 
ORQT 
Response signal from the external clock control circuit 
DGRNT eel, nn — SF Ne 
DMA GRANT from MPU 
TxSTB8 





Figure 25 Channel Change (HALT Mode > TSC Mode > HALT Mode) 


$2 OMA 


TxRQ 





OGRNT 


TxAKA / \ / \ 


* Executing Period of One Instruction 


Figure 26 Successive 2-byte Transfer of One Channel (HALT Cycle Steal Mode) 
HALT > HALT (by one channel) 
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@ Status Flag 

DMAC has BUSY Flag, DEND Flag and ZERO Flag on each 
channel. The former two of these flags can be read out by 
MPU, but ZERO Flag cannot be read out. Set and reset timing 
of each flag are shown in Fig. 27. 


BUSY/READY Flag 

This flag is set to ‘‘1’’ when it accepts the first-byte TxRQ 
of its corresponding channel. After 1-block transfer has com- 
pleted and BCR becomes “0”, it is reset to “O”. Therefore, 
while this flag is ‘1’, that is, its corresponding channel is being 
used, the next block transfer cannot be performed. 


MPU OMA 


——+{ FH 


BUSY/READY 
Flag 


DENO Flag 


ZERO Flag 


MPU Write 
BCR BCR 


MPU Read 
CHCR 


Also this flag is cleared when corresponding TxRQ Enable 
Bit ir. the PCR becomes “0”. 
DEND Flag 

This is the interrupt flag to indicate the end of DMA trans- 
fer of its corresponding channel. After 1-block transfer has com- 
pleted and BCR becomes “0”, this flag is set to “1”’. This flag is 
reset to “OQ” immediately after the Channel Control Register 
having this flag is read out. 


ZERO Flag 
This is the internal flag to indicate whether the data stored in 
the BCR is “O” or not (It cannot be read out). 


MPU DMA MPU 


Lee fe 


in the case where 
2 IRQ is masked. 


A value that is not ‘0’ is written into BCR. 





CHCR that has the flag 
is read out. 


Figure 27 Timing of Status Flag (Suppose that BCR is 2 in the initial state) 


When BCR is “0”, ZERO Flag is “0”. When BCR is not “0”, 
it is “1"’, 

In the reset state, this flag is “O”. If data that is not “O” is 
written into BCR, this flag is set to “1”. When BCR becomes 
“Q” after 1-block data transfer has completed, or MPU writes 
“0” into BCR, this flag is reset to “O”. 

The function of ZERO Flag is to prohibit accepting TxRQ 
of its corresponding channel while this flag is “‘O” (that is, BCR 
is 0’) (See Fig. 18). While ZERO Flag is “0”, TxRQ is not 
accepted even if TxEN is “1”. This function avoids an false 
operation even if “High” input is provided to TxRQ before the 
initialization of the register. 

When RES pin goes to “‘Low’’, this flag becomes ‘*0”’, but the 
number in BCR is not reset to “O”. Therefore, the state of this 
flag and BCR are not the same. In this case new data should be 
written into BCR (Then ZERO Flag becomes “‘1”’). 


@ DMA End Control 
Function of IRO/DEND Pin 

DMAC has IRQ output and DEND output to perform 
DMA End Control. These are multiplexed outputs to IRQ/ 


DEND pin. 

The function of DEND output is to inform I/O controller of 
the end of 1-block transfer. After 1-block transfer has been 
completed and BCR becomes “0”, DEND output provides 
‘“‘Low”’ pulse whose cycle is one clock, being synchronous with 
the final 1-byte data transfer. 4 channels have only one DEND 
output in common, so each channel determines whether DEND 
output is its own output or not, combining with TxAK signal. 
When TxAK of the channel is “High” and DEND is “Low”, 
it shows that the cycle is the last one of DMA (See Fig. 29 and 
30). 

The function of IRQ output is to inform MPU of the end of 
1-block transfer by interrupting it. As shown in Fig. 28, IRQ 
output is logical AND-OR of the interrupt flag (DEND Flag) 
and IRQ Enable bit of each channel. 

IRQ and DEND outputs are multiplexed. IRQ/DEND pin is 
used as DEND output during DMAC cycle and IRQ output 
during MPU cycle. Moreover, DGRNT signal separates DEND 
and IRQ by its “High” or ‘‘Low”’. In detail, see Fig. 29 and 
Fig. 30. 
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#0 
# | 
DEND Flag IRQ Output 
(CHCR Bit 7) #2 
#3 
#3424140 
Nn e/ 
IRQ Enable Bit (PCR Bit 0~3) 
Figure 28 Logic of |RQ Output 
——MPU DMA MPU 
#2DMA 
+0 
TxAK 
#1 
IRQ” DENO / . : 
Se ee > : i 
' i 
Used as [RO Used as DEND 1 fs) Used as TRO 
DGRNT 
In the case where 
IRQ is masked. 
#0 
DEND In the case where other 
channel of DMAC requests IRQ. 
#1 
IRQ Steet SF eae eee, aaa 


Figure 29 Timing of |RO/DEND Output 
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DMA GRANT 











TxSTB f 
DOMAC 


TxAKA 


CS/TxAKB 


Unusual DMA End 
Following section describes how to terminate or change 

normal sequence of DMA transfer. 

(1) When “0” is written into BCR 
When “0” is written into BCR before it becomes ‘0’, 
subsequent TxRQ are not accepted and this causes the ter- 
mination of the DMA transfer since the internal ZERO 
Flag is reset to “O’’. In this case, note that DEND pulse is 
not provided. 

(2) When “1” is written into BCR 
When “1”, instead of ‘0’, is written into BCR, only the 
next TxRQ is accepted and 1-byte DMA transfer is per- 
formed. In this case, DEND pulse is provided, being syn- 
chronous with the last transfer. 

(3) When another value is written into ADR & BCR during the 
transfer 
When the data in ADR & BCR are changed during the trans- 
fer, the following transfer is performed according to the 
change of the data. 

(4) When “0” is written into TxRQ Enable bit 
When TxEN is reset to “0” during the transfer, this causes 
TxRQ comes not to be accepted and the transfer halts. But 
the state is different from that in the case (1), the number 
in BCR remains unchanged. Therefore, when TxEN is set to 
“1° again, the transfer is performed again. 

(5) When RES pin is set to “Low” 
When RES is provided during the transfer, the transfer 
stops. 
Then all of the control registers and their internal flags are 
reset to “0”. But the data in ADR & BCR are not reset. 








(Supplement) 

It is only in the cycle steal mode that DMAC registers such as 
BCR and ADR can be read or written during the transfer. In the 
burst mode, it is usually impossible (But special external circuits 
enable it). 


@ Data Chain Function 

The data chain function of DMAC is to transfer the contents 
of ADR & BCR of Channel #3 to ADR & BCR of a specified 
channel automatically and renew the data of them after the 
channel has completed 1-block transfer. 





Channel Number 
t 
# 0 
DEND 
+1 





DCR specifies 

the channel to 
which the contents 
of Channel #3 are 
transfered. 


Channel #3 has address 
and number of transfer 
words for the renewal. 


Figure 31 Data Chain Operation 


Its detailed timing is shown in Fig. 32 and Fig. 33. As shown 
in these figures the contents of ADR & BCR of Channel #3 
are transfered to the channel during the clock cycle next to the 
last one of 1-block transfer (which provides DEND pulse). Then 
DRQH or DROT provides “Low” output for one more clock 
cycle than in the normal case. Therefore, MPU takes back the 
bus control again 1-clock later than in the normal case, that is, 
after the data renewal of the specified channel by the data 
chain from Channel #3. 

In the TSC mode, the stretching period of clockd, is longer 
than in the normal case. 

The contents of ADR & BCR of Channel #3 remain un- 
changed as long as new data are not written by MPU, even if 
the data chain is executed. 

As for DEND output, DEND Flag and BUSY Flag in the case 
of data chain execution, they function in the same way as in the 
normal case. They provide DEND pulse everytime 1-block trans- 
fer has completed, and then DEND Flag is set to “1”. There- 
fore, in the case where more than 3-block data chain is needed, 
DEND Flag is used for the execution. Its sequence is shown in 
Fig. 34. First, DEND Flag=“1” that shows the end of the first- 
block data chain is read out. Next, the data of ADR & BCR for 
the third-block data chain need to be written into Channel #3, 
in parallel with the execution of the second-block data chain. 
(This data chain is feasible only in the cycle steal mode.) 
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Cycle under the execution of 








Data Chain 
wie ae ee one L- mpu 
+2DMA NS Meee ee ee Ne, ee i ee eae 
CS ! 
oe 
ORQH Se eS aca a 


TxSTB FS eT ae Ne a ye ee ee es 
| 

Tx AKA ae VIS ERIE: CREE - ° “RCE IRTEDD, Cie ae ee ee ee eee 

See eee 

(output) i ’ 

a a 

(input) 


Ao~Ais, RW i 
(output) ee 











Ao~A, R/W \ ; : 
(input) 
t t ' 
IRQ DEND 
a | 
The contents of ADR & BCR 
of Channel #3 are transfered 
to Channel a. 
Figure 32 Data Chain Operation (HALT Mode) 
Cycle under the execution of 
Data Chain 
MPU ———+l }-- OMA —}»-—__——o -+—_—_——— MPu 
E (¢2) —_I l J l ; j 1 j l 
i] 
TrRQe Fo J ON eee es 
‘ . 
ORQT ; 


a ee or: ces Oe ee 


TxAKB 


oC eR REISS» LAT i ii SERRE - CORPS ENEEE 
Ao~Ais, R/’Ww ee __ 
(output) | 


Aas ie Ee 


(input ) 


TRQ BEND 





The contents of ADR & BCR of 
Channel #3 are transfered 
to Channel a. 


Figure 33 Data Chain Operation (TSC Mode) 
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First Block Second Block 
TTxAK at dt td w------ es Seek 


DEND 


DEND Flag 


BUSY Flag 


Channei #3 


ADR . 
BCR ) Write Signal 


Read Signal 
of CHCR of the 
Specified Channel 





Third Block —— 





I 


The data of ADR & 
| BCR for the fourth 
& block are written. 









The data of ADR & BCR 
for the third block 
~ are written. 







Figure 34 Sequence of More than 3-block Data Chain 


# DMAC PROGRAMMING 


Preparation of a channel for a DMA transfer requires: 

1) Load the starting address into the Address Register. 

2) Load the number of bytes into the Byte Count Register. 

3) Program the Channel Control Register for the transfer 
characteristics: direction (bit 0), mode (bits 1 and 2), and 
the address update (bit 3). 

The channel is now configured. To enable the transfer 


request, set the appropriate enable bit (bits 0~3) of the Priority 
Control Register, as well as the Rotate Control bit. 

If an interrupt on DMA End is desired, the enable bit (bits 
0~3) of the Interrupt Control Register must be set. 

If data chaining for the channel is necessary, it is pro- 
grammed into the Data Chain Register and the appropriate 
data must be written into the Address and Byte Count Registers 
for channel #3. 


Table 8 DMAC Programming Model 


; ‘Mateos Register Content 
Register 
a ead er ree TY ee sere tae wy eee ec Bit 0 
Channel DMA End | Busy/Ready | Not Used Not Used Address TSC/ Burst/ Read/Write 
Control Flag Flag Up/Down Halt Steal (R/W) 
(DEND) 
Priority Rotate Not Used Not Used Not Used TxRQ TxRQ TxRQ TxRQ 
Control Control Enable #3 Enable #2 Enabie #1 Enable #0 
(TxEN3) (TxEN2) (TxEN1) (TxENO) 
Interrupt IRQ Not Used Not Used IRQ {RaQ IRQ IRQ 
Control Flag Enable #3 Enable #2 Enable #1 Enabte #0 
(1E3) (1E2) (1E1) (1EO) 
Data Chain Not Used Not Used Not Used Not Used Two/Four Data Chain Data Chain Data Chain 
Channel Channel Channel Enable 
Select (2/4) Select Select A 


* The x represents the binary equivalent of the channel desired. 


A comparison of the response times and maximum transfer 
rates is shown in Table 9. The data are shown for a system 
clock rate of 1 MHz. 

The two 8-bit bytes that form the registers in Table 10 are 
placed in consecutive memory locations, making it very easy to 
use the MPU index register in programming them. 


Fig. 38 shows an example of its minimum structure (1 
channel, HALT mode, combination with FDC). Fig. 39 shows 
an example of its maximum structure. (but only one DMAC is 
used.) - 
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Table 9 Maximum Transfer Speed & Response Time of the DMAC when t.y<g equals 1 usec. 


Maximum Transfer Response Time (sec) 
Mode ee 
Speed usefoyel [mm | 


HALT Cycle Steal (executing time of (executing time 


one instruction) + 3 of one instruction) 
HALT 


+3.5 — trai 






3.5 + tras1 





TRG (Open Collector) Table 10 Address and Byte Count Registers 


= ‘a 
Address High 0 
Address Low 0 

Byte Count High 0 

Byte Count Low 0 
Address High 

Address Low 

Byte Count High 

Byte Count Low 





Address High 
Address Low 
Byte Count High 
Byte Count Low 
Sie Address High 
IRQ (Open Collector) Address Low 
DMA GRANT Byte Count High 
Byte Count Low 


Figure 35 One Channel 


TMMOO DpowWmlyuanslwn-o 


DEND, 


DEND, IRQ (Open Collector) 


TxAK DMA GRANT 
Seg DEND, DEND, DEND, DEND, 





TxAK, 





Figure 36 Two Channel 


TxAK 
TxAK 
TxAK 
TxAK 
CS 
Figure 37 Four-Channel 
/ 
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) 


Address Bus Data Bus VMA 77 















(16¢) () req 
a Do~D; HM6810 
aco | Oa ee a ae 
(MPU) CS, Ao~As 
(ei ee ase 
eee 
an i 
(RAM) 
. 
= é 
3] Is | 
3 & — 
me 
eta HD6843 
; i i] 


CS/ TxAKB 


Floppy Disk Drive 


: 





Figure 38 Example of DMA System Structure (1) (minimum) 
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HD6800 
(MPU ) 


HM6810 





Address Bus 
=z 


HD2650! 
(CPG) 


| 


C= 
‘a 
Eewgale ee ee 





i 


HD6844 
(DMAC) 








* Open Collector 


Figure 39 Example of DMA System Structure (2) (maximum) 
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= APPENDIX 


Contents of the DMAC Registers 


(1) ADRO ~ ADR3 (Address Register) (1 ADR on each channel) 


ES ee 


(2) BCRO ~ BCR3 (Byte Count Register) (1 BCR on each channel) 


pH tx 


(3) CHCRO ~ CHCR3 (Channel Control Register) (1 CHCR on each channel) (6 bit x 4) 







eeqee “Q” 


7 ¢) 
presi Bis [Rw 














Transfer 





oe Direction Read / Write 
we ee / rye Control! bit 
paren 71 / + 
ets ak re ve END eemuenes 













(4) PCR (Priority Control Register) (5 bit x 1) 





a4 ve 


"0" 


7 0 





#0 


TxRQ #1 
Enable 49 


#3 
Specify Rotate 


Enable/ Mask 


Rotate / Fixed 





(5) ICR (Interrupt Control Register) (5 bit x 1) 














hd 0 hd 
#0 > 
iRQq #1 
Enable #2 Enable / Mask 
#3 
AoE leg IRQ output / NOT IRQ output 






Status Flag 


(6) DCR (Data Chain Control Register) (4 bit x1) 










aeaee 


"0"" 










Specify 


Data Chain Executed / NOT executed 


Specify Data 00 #3 + #0 
Chain Channel! 


Specify 
4/2-Channel 
mode 


0 1 #3 > #1 
10 #3 + #2 






4-Channel mode / 2-channel mode 
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Bi 
¥ 


ey Agkre 
CRTC-I[] (CRT Controller) <: Bh | 


a Sen CA | wae 
Anaya, bs eye a 
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The HD6345/HD6445 CRTC-II provides an interface be- 
tween MPU and a raster scan CRT display. Both are upward- 
compatible with the NMOS CRTC HD6845S in pin and soft- 
ware. The power dissipation is lowered by adopting the CMOS 
process. 

The HD6345/HD6445 offers a variety of functions under 
MPU control, such as programmable timing signal outputs for 
CRT monitor and display screen control operation. It can be 
widely applied to the various types of CRT display systems. 

@ FEATURES 

HD6345 PIN AND SOFTWARE COMPATIBLE WITH 

HD6845S 

HD6445 SOFTWARE COMPATIBLE WITH 6845S 

FLEXIBLE SCREEN FORMAT 

@ Programmable numbers of characters per screen and rasters 
per character row 

@ Programmable horizontal/vertical sync signals and display 
timing signals 

@ Up to 16k words refresh memory (14 bits) addressable 

® Programmable raster scanning modes: non-interlace, inter- } 
lace sync, or interlace sync and video modes 140] VSYNC/EXVSYNC* 

@ Up to 256 character rows per field HSYNC/EXHSYNC* 

@ High-speed display operation at 4.5 MHz character clock 

@ Double-size vertical display by raster interpolation 


VERSATILE DISPLAY FUNCTIONS 

@ Screen split (max.4 scréens configurable, horizontally) 

@ Paging and scrolling for each screen 

@ Smooth scrolling 

e Two cursors with programmable width 

@ Programmable refresh memory width 

FACILITATED SYSTEM CONFIGURATION 

@® 68 system bus interface (HD6345) 

80 system bus interface (HD6445) 

Three-state control of memory address and raster address 
External synchronization in master-slave or TV sync modes 
Interrupt request by vertical blanking or light pen strode 
detection 

Programmable timing signal for dual-port RAM in DRAM mode 


HD6345, HD63A45, HD63B45, 
HD6445-4 


(DP- 40) 





# PIN ARRANGEMENT 


(Top View) 


SINGLE +5 V POWER SUPPLY 
al functions to the HD6845S 


CMOS PROCESS 


= TYPE OF PRODUCTS 


Type No. CRT Display Timing 


HD6345 1.0 MHz 
HD63A45 1.5 MHz 

4.5 MHz Max. 
HD63B45 2.0 MHz oes 
HD6445-4 4.0 MHz 
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= INTERNAL BLOCK DIAGRAM 


MEMORY ADDRESS SCREEN CONTROL = FR12, R15, se LIGHT PEN CONTROL 
COUNTER pee pall eae R16, R17, R28 
R20, R21, R22, R23, R24, R25, R26, R33 ' ’ 


HORIZONTAL TIMING CONTROL 
COUNTER RSOR TR 


R10, R11, R14, R15, R34 -———»b 
R35, R36, A37, R38, R39 ; IRQ/ACI 


(MAX 256) 


RASTER RASTER CONTROL RO 


COUNTER 1 
(MAX 32) INTERLACE CONTROL R8 i = 


| 
DISPTMG 
RASTER DISPLAY CONTROL | 
COUNTER 2 SMOOTH SCROLLING CONTROL 7 
(MAX 32) R29 =. MAg—MA13 
rp > RAg—RAg 
i 


| 
ROW HSYNC/ 
COUNTER VERTICAL TIMING CONTROL SYNC CONTROL ae EXHSYNC 


(MAX 256) R4, R5, RG, R7, R27 Ene R3 | VSYNC/ 
EXVSYNC 
REGISTER ENABLE 
40 


ADDRESS CONTROL REGISTERS 
REGISTER <a DECODER R30, R31, R32 


TO INTERNAL 
REGISTERS 


MPU INTERFACE = |= STATUS REGISTER 


|| INTERNAL DATA BUS 


DATA (Dg—D7) 





ADDRESS BUS (Ap —Ais) 


DATA BUS (Do—D7) 


BUS 
TRANSCEIVER . 










CRTC-II 


CLK 
| 
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REFRESH 
MEMORY 





CHARACTER 
GENERATOR 


HSYNC, DISPTMG VSYNC, CUDISP 


p VIDEO 
| SIGNAL 
Ss VIDEO 

a CONTROL 


4 


LPSTB LIGHT 
PEN 


CONTROL LIGHT 
PEN 








HD6345/HD6445 


= FUNCTION TABLE 


Horizontal scanning cycle Programmable by char. clock time 
Vertical scanning cycle (by row) Programmable by char. row time 
Vertical scanning cycle (Adjust) Programmable by raster time 
Number of displayed chars. / row 
Number of char. rows / screen 
Number of rasters / char. row 
Horizontal display position 
Vertical display position 

Vertical syne position (Adjust) 
HSYNC pulse width 

VSYNC pulse width 

































Programmable 
Screen Format 






Enabled by programming sync signal output timings 






Programmable by raster time 













DISPTMG skew 1 or 2 character skew 
. : Discretely programmable (Unit: row) 
Screen Split 4 split-screens start positions programmable 9/3/4 screens format selectable 
Cursor display position Two 14-bit Cursor registers 










1 or 2 cursors displayed 
Display start/end rasters programmable within a row 
Programmable by char. clock time 

1/16 or 1/32 field rate selectable 

Discretely programmable 







Cursor height 
Cursor width 
Cursor blink 
Simultaneous output of 2 cursors 
(Only 1 available in DPRAM mode) 
Cursor display mode 

CUDISP skew 















Cursor Control 










OR/EOR mode selectable 
1 or 2 character skew 



















Non-interlace mode Either one of three modes selectable 


Interlace sync mode 
Interlace sync and video mode 


Memory Format Memory width set Memory width programmable wider than display 
width (Unit: char.) 


Programmable by char. clock time 
Any screen selectable 





Raster 
Scanning Mode 


Smooth Display start raster address set 
Scrolling Target screen set 






















Raster 
Interpolation 


External 
Synchronization 


Interrupt 
Request 


Double-size vertical display 
Vertical scanning cycle doubled 









Same raster address supplied twice 


Superimposed display enhabled on other CRT or 
TV screens 


Interrupt request mode programmable 









Synchronization with external sync signals 






Interrupt request signal caused by vertical blank- 
ing period or light pen input (Disabled tn 
DPRAM mode) 


F 14-bit light pen register . 
Light Pen Light pen raster register Light pen raster address detected 


14-bit refresh memory address output 



















Halles Four 14-bit screen start regs. Up to 16k words refresh memory accessible 
Addresses (Display start address programmable for each Paging and scrolling enabled for each screen 





screen) 


Three-State Three-state control on MA and RA Controlled by TSC pin input 
Control 

Programmable Programmable timing signal supplied from access In DPRAM mode 

Timing Output inhibit pin 
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® PIN FU 


4-17 


NO 


Note: * 


102 


NCTION 


Output 
Vss 


Vss Ground (GND) pin 


Performs external reset on CRTC-II 


RES assertion causes CRTC-II: 
(1) Clear all the internal counters 
(2) Set all the output signals at low 


Reset Input (Do—D7 are excluded) 


(3) Clear registers R30 (Control 1), R31 (Control 2/ 
Status), and R32 (Control 3) 
(Other registers are not affected at all) 

RES is valid only while LPSTB is low 


Selects either of address register or other registers 


Informs light pen strobe pulse detection 


LPSTB Light Pen Strobe 
Three State 
MAo-MA 3 pe Address Output 


DISPTMG Display Timing — Output Indicates a screen display period 


Displays cursor on a screen 
eee SusOrDIEpIAY Output | Enabled during DISPTMG is high 


ACI Access Inhibit Output Supplies DPRA 1 access inhibit timing (programmable) 
Interrupt Request Output 


Vec 


Register Select Input 


Chip Select 
Input/ 
Do-D7 Data Bus 0-7 Output 
RAo-RAa ire Address Output 


EXHSYNC External 
Horizontal Sync 


VSYNC Vertical Sync Output 


External 


~Mmarked pin function is alterable according to the register setting. 


Performs three-state control on memory and raster 
address 


Supplies memory address for periodical memory refresh 


Indicates interrupt request to MPU 
Enabled during DISPTMG is low 


Power supply (+ 5V) pin 


Receives character clock timing 


Inputs write signal from MPU 


Enables register read/write strobe signals from MPU 


Inputs read signal from MPU 


Address reg. selected when at low, and others at high 
Normally, requested to connect to “Ao” of MPU address 
bus 





Performs addressing on CRTC-II 
MPU read/write upon CRTC-II registers enabled when 
CS is low 


Bidrectional bus for data transfer between MPU and CRTC-II 


U 


Supplies rater address for selecting raster on character 
generator 


Supplies horizontal sync signal 


Receives external horizontal sync signal 


Supplies vertical sync signal 


Receives external vertical sync signal 
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@® INTERNAL REGISTER ASSIGNMENT 







—— Address Data Bit 
Aid nan 
3 dq ee eee 2 - Be Pe ; ‘ eee 


Le ee 
ESE aaa ee af 
fo |1 [000.000 |Ro | Horizontal Total Characters [Character _nne_| w_| i (Da 
EN 
To [1 |e 00.010 | nz | Horizontal Syne Position [Character] _nnwp | w 
fof fs faecmam LL BL of of fn 
C308 OCR 8 CL a Ce 
foi |ooo 10% [as | Vertical Total Adjust | Raster_| mae 
[reser ole fewaraemenos fee Peetey PP TP 
[ofr [ooo rts [ar | Verea SynePosition [row | nwo |w| | __ 
fleet ese [mesnterevone P= t= fee Efe [a 
so, 1]001001 Ire | Maximum Raster Address ca é 
Se a ae oe 
ofr foorors [ai] Cursortend [fester [Ness | w | 
[eres eal oiem—er|o 
eT TOT faa | Sereen Tae aaopene cy ‘(Raper [Rae 
Peper fone ma ——— 
opr [eo ttt 1 [ave | cumort Accent) ___—‘pegey [—_[ rw 
FC NC 
foi joraoos |r| tiontreny Ot 
fo[r [oo 010 [rie | seven? surFosion [row | -_[am| 
fof [e100 11 [ae | sewena sur Accent (RES | — [aw 
OG aaa A 
fet 0 +0 1 [rn | Screen SSterePostion 
rez | Soren 8 Sar Aas w) (RSS 
[ras | Seren Sor Adare) |STORY| 
O [nas | Screen 4Ster Position 
ras | Seren 4 sae Aaa) (SOE | 
R26 | Screen 4 Start Address (L) 


Reser 
Rewer 








































= 2)2 
= =|= 


2 
= 






D 
— 
= 


Vertical Sync Position Adjust Nva 


fame [UahiPen Retr 
p28 [Smoot Seroling sd 

roo [eonmrt 
“= 
ee 

SR 2 
[aa0 

7 





pated ee 









2 
= 


re a a 
ECOG 
CTT tl 


[Memory Width feet ____—[oharacter| _N 
[euror 2st Rar 
[curser deer 
[eunor@naarem th ____*(SS | 

Too 8 Joan [Senora Acar 

Pree fens 
fo [1 [100111 [R39 | Cursor 2 Width 


[character 
Notes 1) *: Vertical : raster / Horizontal : character 


2) a: "'O'’ is to be set, since these bits may be used in the future. 
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™ FUNCTIONAL DESCRIPTION 


PROCRAMMABLE SCREEN FORMAT 

Figure 1 illustrates the screen format example, in non- 
interlace mode, when programming CRTC-II registers as listed 
in Table 1. Figure 2 shows the relation between memory address 
(MA,-MA,,), raster address (RA,-RA,) and the location on the 
CRT screen. 

The timing charts of CRT interface signals are shown in 
Figure 3, and those details are partially shown in Figure 4 and 5. 


Horizontal Total Characters (Nht+1) 


| Horizonta! Displayed Characters (Nhd) | 
be ne ee en ne rN 


eam \ Character 


ee 
+ 
he 
2 
” 
n 
® 
= 
ue) 
ae) 
{ 
ee 
@ 
~ 
w 
@ 
a 
x 
i] 
= 


Vertical Total Rows (Nvt+1) 
Vertical Displayed Rows (Nvd) 


Vertical Total Adjust (Nad}) 


Figure 1 CRT Screen Format 


Raster Address 


Row Number Horizontal Display Period 


Vertical Display Period 


—1) Nn (Nva = 1) Nag +1 


t | | — 
(Nyvg— 1) Nrgf(Nw—1) Nno +1 
Nva Nng |Nva Nna +1 


' ' = 


Nya Nng | Nva Nngt1 


Nu Nag {Nw Noa+1 


i ' = 


Nuc Nog Nu Nao +1 


(Nv +1) Nara [iNet 1) Nnat 1 
' —- 
Nea — THIN +1) Nog iacaly Nea 


Vertical Retrace Period 





ae 
_—_oe 
ETE nn accel 
bctttaceas 
es 





Table 1 Programmed Values in Each Register 


Values 
[Ro | Honzontal Tote Cherectes = 

ea Horizontal Displayed 

Characters 

R3 Sync Width 
eee 
| Nady 
R7 





Programmed 













Nvt 
[AS | Vertical Total Adust 
[—Ré| Vertical Dplayed Rone ———SSSS*d SN | 
[7 | Vertical Syae Posivon —~S~S~sdCSCSN 
[Ro | Max. Rester Address ———SSSCSCSC~dCS 
[R12 _| Screen t Start Adare (Hd 
[13 Screen 1 Start Address (L)——Ss~=~“‘“dtCSC~C‘ 

ie eet 

ia al 

ie ae 






Control! 2 / Status 


Notes 1) Nhd < Nht, Nvd < Nvt 
2) R30, R31, and R32 are cleared by a device reset. 





Horizontal Retrace Period 


Nv Nha (Nva— 1) Naa + Nie 


Nva Nna— 1 Nva Nn (Nva— 1) Nang +N: 


(Nea+ VNna— 1 1 (Nya + 1)Nng Nva 
Nya Nng+ None 


t ; 


Nya Nna—- 1 


(Neat VNna— 1 1 (Nya + 1)Nna 


a -1 ce 
(Nu + 1)Nng — 1 (Nu + 1)}Nng 
(Nat 2)Nna— 1 | (Ny +2) Nag 


(Na+2)Nra—1 (Nv +2)°Nong 


Valid memory addresses [0 thru (Nvd-1) or O thru (Nhd-1)] are shown within the 
thick-line square Memory addresses are provided even during horizontal and vertical 
retrace period This ts an example in the case where the programmed value of start 


address register is O 





Figure 2 Memory Address and Raster Address 
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—_ 
O 
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Character Clock Time 


T Horizontal Displayed Characters 

c 

b=} fl: , aes Horizontal Sync Position P Horizontal Total Characters 
0 ! 1 2 Nig—1t Nha Nnsp Norept+ 1 Nos i] 1 2 


a LP LDL LLL JULitUL SUL UYU Uk Sisoet et Nee teeee a eee 


| ; . I 1 
p=—Horizontal Display NhdeTc ——# 1 i 


DISPTMG | Le ——_Horizontal Retrace -——-—_______»>J l 
| | | 


Nnsw Te ———™} 1 i 








NO a ee a ae 
| | 


wn MCOCIC TI of a Co 2S GD Gai aMRaNMTELD LO CU Gm xo GORMNRr ENR! ERMA 


RAg—RAg 1 





paeteatnee EE fl Riemer! 6 eo) El i Unemareeermemcerese 9 Eft 8 i ememeracnmerenes oH 08 Laer 


+1 Nig +1 


l ] Noa l 
Nong Nn I Nha Nm >! Nna Nm j Nna+2 Noo Nng +2 
SIOSCZTE) CC SAAD GD GHD OO CD CD) GNNRAGIED GW GO GD GD GD GD GRRNNNNNNEED OD CO CO GONE oe 
Nha 
| 


CLK | 


| 


| ecg ey a 
Max Raster Add 
}~———____—_—__—_———Tr x te: be 
Row 
Number | Dia ae 


1 
Row Cycle TI 











—_——— 
—_— ooo 
a a 
—— 
———— 
——_— 


| 1 
soe ECE AE i a (eee 
Num er | \— Vertical e i 
; : ‘ 1 isplayed Row l 
bg—_________—_______ Vertical Display Nvd-Tl pe ! “a 
] 


ect Boo | Rnanbcetaneecmceeumenanasicnes (her = aim CAC AWC 
I 


~~ -7 A(See Fig. 4) et a ‘~--"B (See Fig. 5) 


X 
OO 
VSYNC { | | 


\ Vertical Sync 1 Vertical Total 
Position 1 | Rows 








Horizontal and vertical waveforms when values shown in Table 1 are set into each register. 


Figure 3. CRTC-II Timing Chart (Non-Interlace mode) 


Horizontal Timing 
Raster Cycle Tr 
= (Nht+1) Tc 


Row Cycle Timing 


Row Cycle TI 
= (Nr+1)-Tr 


Vertical Timing 
TERM : Frame Cycle 
TERM = (Nvt + 1)°¢TI + Tadj 


Tad}: Adjustment Period of 
Frame Cycle 


Tadj = Nad - Tr 
Tvsw: Vertical Sync Pulse Width 
Tvsw = NvsweTr 


SvVV9QH/SVE9QH 
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i] 
| 
I 
SSS re Vertical Display Se Sven Retrace 
| 
' { 
\ I 
1 | 


eee | el Oe ce Ee ee el el ee ee ee en Ee oe ae a ee 


Figure 4 Vertical Display / Retrace Timing 
(A detail drawing of Fig. 3 A) 


bag Vertical Retrace = | Vertical Display 
I 


juag— Frame Cycle Adjustment Timing —gmel 
| Tad) = Nad; Tr 


pagan 68 2” 2 aaa Co EC ee eee (ee ee ee Ee ee ee 
| { 


' I | 
{ 


Row Number | i ELE ETE TE 


iPS ae a ee ee eae 





Figure 5 Frame Cycle Adjustment Timing 
(A detail drawing of Fig.3 B) 


SCREEN SPLIT 

A display screen can be divided into up to four parts in the 
horizontal direction. Divided four parts are defined as split- 
screen 1, split-screen 2, split-screen 3, and split-screen 4. Split- 
screen are controlled by using bits SPo and SP, of the control 
1 register (R30) and screen start position registers (R18, R21, 
R24). 

Starting positions of each split-screen are determined in the 
number of character row. Split-screen 1 is the base screen, and 
always starts at row 0, while the other three split-screens start 
at any row except row O. Paging or scrolling (by character) is 
performed in each split-screen independently. 

The following 1s the example of screen split: 


Display Screen 


Split-Screen 1 


Split-Screen 4 


Programmed Value of Screen 2 Start Position Register 
= Programmed Value of Screen 3 Start Position Register 
Programmed Value of Screen 4 Start Position Register = 6 


ON OOP WN— OO 


Row , 


ispl 
Number Display Screen 





; Split-‘Screen 1 Figure 6-B Screen Split (Example 2) 
2 Split-Screen 2 Row 
3 Number Display Screen 
4 : 0 Split-Screen 1 
5 Split-Screen 3 1 
6 2 
7 3 
8 Split-Screen 4 4 
it- n4 
Programmed Value of Screen 2 Start Position Register = 1 : SPIE Serre 
Programmed Value of Screen 3 Start Position Register = 3 7 Split-S > 
Programmed Value of Screen 4 Start Position Register = 7 8 PIE Obneen 
Figure 6-A Screen Split (Example 1) 
Programmed Value of Screen 2 Start Position Register = 6 
When the same value 1s programmed into more than one screen Programmed Value of Screen 3 Start Position Register 28 
start position registers, split-screens corresponding to these regis- Programmed Value of Screen 4 Start Position Register = 4 





ters are not displayed. 


Figure 6-C Screen Split (Example 3) 


@ HITACHI 
106 Hitachi America Ltd. ¢ 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 








Raster Address 


Row Number 


rl Char “N 
| ot 
0 ( me 
Nf 0 _ 
O 
wT ‘ 
° Nr 
ce 
a Nr 
3 
| if 
rs) 
9° 
® 
> 
@) 
Nva : 
Nr 
0 
8 Nva ; 
. Ne 
a 
Lad 
.3) 
© 
2 O|Ns4+(Nvt 
— |Nuq '1-Nvd+1) 
8 Np Nhd 
t o [Ns4+(Nvt 
s !| -Nvd+2) 
Neat] +Nhd 


Horizontal Display Period 












HD6345/HD6445 


Horizontal Retrace Period 
lit- 
= Nive Split-Screen 1 
onan! Re 
——_ 


Nha niaei 
Split-Screen 2 
Ns2+Nht 


Split-Screen 4 
ea e 


Ns2° Start Address 
of Split-Screen2 


Ns4 Start Address 
of Split-Screen4 


Ns2+Nhd 


(Nvt-Nvd+2) 
eNhd+Nht 


2 
=> 
Qa. 


Figure 7 Memory Address and Raster Address in Split-Screens 


CURSOR CONTROL 

The HD6345/HD6445 can display two separate cursors (cur- 
sor 1, cursor 2) simultaneously on the screen. These two cursors 
are controlled independently. The cursor 1 is always valid, while 
the cursor 2 becomes valid by setting the C, bit of the control 3 
register (R32). In the DPRAM mode, the cursor 2 cannot be 
displayed. 

The HD6345/HD6445 controls cursors as follows: 


1) 


2) 


Starting Position 
Starting position is controlled by using the cursor | 
address registers (R14, R15), and the cursor 2 address 
registers (R36, R37). 
Cursor Heights 
The heights of the cursor 1 and the cursor 2 can be 
specified independently in units of rasters by using the 
cursor start registers (R10, R34), and the cursor enc 
registers (R11, R35). 

Display Screen 





HITACHI 


Cursor 1 


Cursor 2 


CRIC-II 


3) Cursor Widths 
The widths of the cursor 1 and the cursor 2 can be speci- 
fied independently in units of characters by using the 
cursor width registers (R38, R39), and bits CW, and CW, 
of the control 3 register (R32). If the cursor width 
extends over the following row, the cursor 1n the follow- 
ing row is not displayed 

4) Cursor Blink 
Cursor display, non-display, and blink rate can be con- 
trolled by using bits B, and P, of the cursor 1 start 
register (R10), and bits B, and P, of the cursor 2 start 
register (R34). 

5) Cursor Display Mode 
When the cursor | and the cursor 2 are overlapped on the 
screen, cursor display mode in the overlapped area can 
be specified by the CM bit of the control 3 register (R32), 
as shown in Figure 9. 


Cursor 2 Start Raster 


Cursor 2 End Raster 


Cursor Height 


Cursor Width 


Figure 8 Cursors 
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OR MODE (CM=1) 


Display Screen 


Cursor 1 


LED 


Cursor 2 


“OR” of the cursor 1 
and the cursor 2 








EOR MODE (CM=0) 


Display Screen 


Cursor 1 


4 


Cursor 2 


“EOR" of the cursor 1 
and the cursor 2 


Figure 9 Cursor Display Mode 


RASTER SCANNING MODE 

The HD6345/HD6445 performs a character display in three 
types of raster scanning modes: non-interlace mode, interlace 
sync mode, and interlace sync and video mode. The bits V and S of 
the interlace mode and skew register (R8) control these modes. 


The period that the raster scans across a screen and returns 





Non-Interlaced Scanning 


Display 


Retrace 


to the top of the raster line is designated as ‘one field’. In the 
non-interlace mode, one field configures a single frame (Figure 
10). In the interlace sync mode and the interlace sync and video 
mode, a single frame period is shared between two alternating, 
even and odd, fields (Figure 10). 





even field 
ee ee ee §6OUK field 


Interlaced Scanning 


Figure 10 Raster Scanning Mode 


In the interlace sync mode, the scanning lines in the odd 
field are placed downward by 1/2 raster line space from those 
in the even field because of the difference in HSYNC/VSYNC 
phases between two alternating fields. 

In the interlace sync and video mode, the placement of the 
scanning lines is the same as 1n the interlace sync mode. How- 
ever, the alternating even and odd raster lines are displayed in 
the alternating even and odd fields. For a given number of 
rasters per character, this mode allows twice as many characters 
to be displayed in the vertical direction as the non-interlace and 
the interlace sync modes Note that the raster address is suppli- 
ed in the different way according to the total number of rasters 
in a row, even or odd, as shown in Table 2. 


Table 2 Start Raster Address for Each Row 
(In interlace sync and video mode) 


Even Field 


Even Char. Row” | Even address 
Odd Char. Row* Odd address 


* The start row address 1s assumed to be ‘‘0”’ (even). 













Total Number 
of Rasters 
ina Row 






Odd Field 


Odd address 


Odd address 
Even address 





Odd 
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Figure 11 illustrates the raster scanning example in each mode. 


Raster Address Raster Address 


0 
i=6—-6- 
2-9-6 —- 
3—@—_____-®— 

4—@- 6 
5O0O@@OCO@- (| 2owo 
6-@-__—_@e— 
oe 

ce eee ce 
9—-@______®— 

A 


B 


Non-Interlace Mode 


Raster Address Raster Address 


Row 0 





Interlace Sync and Video Mode 
(even rasters per row) 


Note: Refer to Table 2 for raster address output 
in the interlace sync and video mode. 


HD6345/HD6445 


Raster Address Raster Address 


Row 0 





interlace Sync Mode 


Raster Address Raster Address 


Row 1 





Interlace Sync and Video Mode 
(odd rasters per row) 


even field 


Sa odd field 


Figure 11 Raster Scanning Example 
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OLL 


(1) interlace Sync Mode 























‘ Frame =~ 
Even Field aaa Odd Field - ——- 
. 3 _ Adjust | — Adjust! 
-—— Row#0 Row#t —-=  -— Row#Nvsp — =~ Row#Nvt —- —~— Raster ~ Row#O — - Row#1 —-— =-— Row#Nvsp = -—- Row#Nvt —— Roster 











Ned; 


mATX ~ saan Ice ~ mocx . -XEx~ XTX - sx NALA XT XRT 3EX~ IOC sl a en XE - Sead 


‘ ue ——Nvaw Tr— 
: res. ' Dummy Raster : : \ 
s s 





’ 

2 ' 

me ’ 
‘ 

’ 





(2) interlace Sync and Video Mode (raster per row = Nr + 2 = even) 


; a Ppapudech 





; ; : , Adjust 
gees en — POWEINED =a “ec OWEN Tae Restos Caine: Row#0 -—---— Row#1 —~ —-- Row#Nvsp — +— Row#Nvt —-- Raster — 
’ 2Nad) Nad; ee: 
mare EOCEX—- sepcpanc ~--2aEc~scnan . ~20C~ Japan bag sonic ) mecec KIC 7=x~ DG EDX x3 
; aT nee Tr} ; : : Dummy Raster paar ee ro 





(3) interlace Sync and Video Mode (raster per row = Nr + 2 = odd) 
_Nvt = Odd, Nvsp = Even 


t 





Even Ode ' Adjust | : : 7 : ' Adjust 
i Row#0 ae Row#1 San —-Row#NVsp--rac . —Rowa Nyt at Raster ~ — Row#0 Row# 1 ax | __Row# are, fee ee Scape Raster — 
*. ' I Nad | iy t 


a (F}° ' 1 
marae CECEX - “Ekta x ~ 2900 SCC ~ ema “ex 5EX ~ xox 44S ~ woe 3 cx X= 


' 
aT nen Tr ‘ i \ Oummy Raster 
1 : ; : ‘ 





















IHOVLIH @ 











ne , . : : “ 
Nw = Odd, Nvsp = Odd Oe) 3 : ee ieee : a Padus 
: : s ' just 
Suis Row#0 ayy. : or | cases cil za ~~ Row# 1—___~ Ba: ee y andy ees -—Rowd Nvtsreqty Raster 
z 2 Gx J if 2heds 4 
} F ‘ —y jo Nvsw Tr <4 ; aoe Renter : = Tr ~—Nvsw Tr— : : i ' 
vSYNC 3 : ’ 
> Nvt = Even, See Even : , ; et : aa 5 ‘ ' 
P= , Even y Even Adjust |, Row#Nvsp « Adjust 
Rows0 gt ROMA er ——Row#Nsp re -—Row#Nvtsret Raster —-— Rows se Rowl 1 ey : — ory 7 ROWING er Raster — 
5 sso 3 *i2 it ; 2 
mamaeCEXEX Btn “thc —3¢5ccac See Sao Sthoex: SE ~ eee #4 FH 
: nox ais Tr : : , : ' ; ; 
. 2' ' ' iy m— Nvew Tr—o} : ' : : 
gare reg ae —i eit 
: Nvt = Even, Nvsp = Odd \ } | ee ; ; 2 


Adjust : Adjust 


~RowdlNvtrg Raster 


vA 


Row 0 rer Rod rep ~—Row#Nvsp— 


t 


1 ¥ 1 ' 1 ' 
eatin : : ‘ ee Tr =—Nvew Treas : ‘ : 
‘ 


— __ Row prs Renae Rent — Rawls | — 
7&2 }s2 ati Ls (F Se «(3 2Ned, | 2+(F rie exis }+2 (f deeds 


00E8-Ser (80r) © 1ELG6 YD ‘eSOf ues e snusAY 8j00L,O OIZZ e “pry eoveWY IyoeyH 


VSYRC 





‘ 
' 
’ 
' 
1 n 
‘ 
1 
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Figure 12 Raster Scanning Timing 
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MEMORY WIDTH SETTING 
The offset value which is the difference between the display 


: HITACHI HITACHI HITACHI 
screen width and the display memory width in the horizontal 
ale CRTC- Il CRTC-II CRTC- II Display Screen 
direction can be specified in units of characters. (See Fig. 13) 
Scrolling in any direction can be accomplished in units of HITACHI HITACHI HITACHI 
characters, by setting the display memory width (horizontal CRTC- II CRTC- I] CRTC- II 


direction) and the offset value, and by changing the start ad- 
dresses of split-screens 1—4. This 1s performed by the memory HITACH pen) TAGE 
width offset register (R33) and the MW bit of the control 3 CRTC-I CHrew CRTC- I 
register (R32). HITACHI HITACHI HITACHI 
CRTC-Il CRTC-1I CRTC-II 


of Start Address 


Display Screen 
HITACHI HITACHI HITACHI 
CRTC-II CRTC- II CRTC- II 


Display Screen 
Width Offset Value 
HITACHI HITACHI HITACHI 


CRTC-II CRTC- II CRTC- II Display Screen 


Display Memory Width 
(Horizontal Direction) 


HITACHI HITACHI HITACHI 
CRTC- II CRTC- II CRTC- II 


HITACHI HITACHI HITACHI 
Figure 13. Memory Width CRTC-II CRTC-II CRTC-II 





Figure 14 Scrolling by Memory Width Setting 


Raster Address 
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se) 
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Nor offset value written in the memory width offset register (R23) 


Figure 15 Memory Address and Raster Address in Memory Width Setting 
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SMOOTH SCROLLING Smooth scrolling is performed by bits SS,—SS, of the con- 
Smooth scrolling in the vertical direction can be accomplish- trol 2 register (R31), and the smooth scrolling register (R29). 

ed by changing the start raster address in a character row. Whe- Smooth scrolling can be used in the non-interlace mode and 

ther scrolling in each split-screen is available or not can be the interlace sync mode, but not in the interlace sync and video 

selected. Selected split-screens scroll in the same way up to mode. 


four split-screens simultaneously. 


eo @ 
eeoee 
oe 

: 

@ 

¢ 

@ 


Data In the 
following row 





(R29) Programmed value = 0 (R29) Programmed value = 2 





Figure 16 Smooth Scrolling 


Raster Address 
Row Number ——, 


Horizontal Display Period Horizontal Retrace Period 


Nhd —_—— 


Row Raster 
Number Address 


i : 
Qa 


Vertical Display Pertod 
Smooth Scrolling 


Uv 
= 
bee 
CU 

a 
@ 
oO 
© 
i= 
~ 
® 

ea 
g 
~ 
bee 
® 

> 


Nog +1 


(Nvd+2)-Nhd+Nht 





Figure 17 Memory Address and Raster Address in Smooth Scrolling (R29=2) 
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HITACHI 


Split-Screen 1 


CRT 
CONTROLLER 


CRT 
CONTROLLER 
Split-Screen 2 


4 


Figure 18 Smooth Scrolling in the Split-Screens 
(Split-screen 2 ts scrolling.) 





RASTER INTERPOLATION 


In raster interpolation, the raster address 1s incremented register (R31) This function can be used in the non-interlace 
every two rasters, thus the displayed image is doubled in the mode and the interlace sync mode, but not in the interlace sync 
vertical direction. The vertical scanning cycle is also doubled. and video mode. 

Raster interpolation is performed by the RI bit of the control 2 Figure 19 is an example of display with raster interpolation. 


Raster 
Address 
Output 


Raster Address 


Oo oO 


Raster Address Repeated Raster 


Address 


P WH Oo 





BRB PwwWNHDN = = 





Normal Scanning Raster Interpolation Scanning 


Figure 19 Raster Interpolation 


Raster Cycle Tr 


Normal Scanning 


Raster Interpolation : 


Figure 20 Raster Address Output and Raster Interpolation 
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EXTERNAL SYNCHRONIZATION 

External synchronization (EX sync) has master-slave mode 
and TV sync mode. The EX sync mode is controlled by bits VE, 
VS, and TV of the control 1 register (R30). 

Master-slave mode is used to synchronize slave CRTC-II’s 
with a master CRTC-II by VSYNC of a master CRTC-II. When 
superimposing a master screen with slave screens on the same 
CRT, clocks of a master and slave CRTC-II’s can operate in 
different frequency on conditions shown below. 






CRTC-II 


(1) Phase of master CRTC-II clock matches with slave 
CRTC-II clock at rising edge of VSYNC. 

(2)Both master and slave CRTC-II’s have the same horizon- 

tal/vertical scanning cycle. 

In the interlace sync mode and interlace sync and video mode, 
the contro] 1 register must be set as to provide VSYNC output in 
odd fields of master CRTC-II. 

Figure 21 illustrates the system configuration. 


REFRESH 


MASTER 
ea | 


T_+ 
SLAVE REFRESH 


MEMORY 


Figure 21 Master-Slave Mode 


TV sync mode is used to synchronize the CRTC-II with the 
HSYNC and VSYNC signals of a TV’s video signal. 

In the TV sync mode, VSYNC/EXVSYNC and HSYNC/ 
EXHSYNC pins function as input pins. The length of horizont- 
al back porch is specified by the bits 0-3 of the sync width 
register (R3) and determines the display position in the hori- 
zontal direction. 


TV 


= HSYNC 


In the interlace sync and video mode, the TV sync mode can- 
not be used. 

In the TV sync mode, when performing slave CRTC raster 
interpolation, interlace sync mode or interlace sync and video 
mode must not be set in a master CRTC; otherwise the screen to 
move up and down by one raster. 

Figure 22 illustrates the system configuration. 


VSYNC 


EX Ex 
VSYNC HSYNC 


SLAVE 
CRTC 


REFRESH 
MEMORY 





Figure 22 TV Sync Mode 
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External sync is valid on the conditions shown in Table 3. 


Table 3 External Sync 






Non-!Interlace Mode 







interlace Sync Mode 












Master-Slave Mode 


Interlace Sync and 
Video Mode 


Non-Interlace Mode 


Interlace Sync Mode 





TV Sync Mode 


Intertace Sync and 
Video Mode 





Note) Slave CRTCs are always non-interlace mode in TV sync mode. 


INTERRUPT REQUEST 

An interrupt request signal to the MPU is output in the tim- 
ing shown in Figure 23. An interrupt request 1s generated by the 
vertical blanking period, or the light pen input. 

Reading the status register (R31) clears an interrupt request 
signal. Thus, 1f MPU does not read the status register (R31) when 


eee Mode 
Interlace Sync 


V 
V 


HD6345/HD6445 


(V: valid, |. invalid, —: program inhibited) 


the interrupt request is generated, an interrupt request signal is 
output during the horizontal and vertical retrace period. 

In the DPRAM mode, an interrupt request signal is not out- 
put. 

This function 1s controlled by using bits IB and IL of the 
control | register (R30). 


Display Pertod 


Retrace Period 
Se ee = 
DISPTMG ee 


CUDISP 


Cursor 


Status Read ee es 2 eee 


Figure 23 





Interrupt Request Signal 


When an interrupt request 
occurs during the display 
period ““T”, an interrupt 
request signal is output 

during the blanking period. 

An interrupt request signal 

is cleared by reading the status 
register (R31) 


Interrupt Timing 


© HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 ¢ (408) 435-8300 115 





HD6345/HD6445 





THREE-STATE CONTROL OF MA/RA By using this function, multiplexer (MPX) which selects ad- 
Memory address (MA) and raster address (RA) outputs can dress lines from MPU and CRTC-II for refresh memory is not 
be three-stated, using the TSC input pin. Three-state control is needed. 


enabled by setting the TC bit of the control 3 register (R32). 


DPRAM MODE 





ADDRESS BUS 


MPU a DATA BUS 


Ao—Ais 
Dy-D, 


Note. When using DRAM as refresh memory, DRAM refresh circuit is needed. 


Figure 24 Three-State Control 


In the DPRAM mode, an interrupt request signal is not out- 


When the DPRAM mode is selected, the HD6345/HD6445 put, and the cursor 2 is not displayed. 
generates a programmable timing signal from the access inhibit This timing signal is available by using the DR bit of the 


pin. This signal, shown in Figure 25 as access inhibit period, control 3 register (R32), and the cursor 2 width register (R39). 
provides the timing for the MPU to access to dual-port memory. 





116 


| 
Display Period ——— Retrace Period Display Period 
DISPTMG | 
I 


Cursor 1 
CUDISP ! 
Access Inhibit Period 
; (A) 


The Programmed Value of 
the Cursor 2 Width Register (R39) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
1 
1 
| 
| 
| 
| 
| 
| 
{ 


! ! 
| | | 
| | | ! 
I 
aa ! 
| | 1 
| | | 
| { \ | 
| \ t 
| | | 
I 


I 
The Al Bit (bit 7) of the ja-1 Char. baa 
Status Register (R31) | (B) { 


© The Al bit indicates the access inhibit period (A) 
and the first character period (B) 1n each raster 


Figure 25 DPRAM Mode Output Timing 
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® INTERNAL REGISTERS 

HD6345/HD6445 has one address register (AR) and forty 
data registers (RO - R39). One register out of 40 data registers 1s 
selected by writing the address number of the register into the 
address register. Then the MPU can transfer data to or from the 
selected data register 

Write 0 to unused data bits (appear as [——]in the register 
table), since these bits are reserved for the future extensions. 


ADDRESS REGISTER (AR) 


Data Bit 


| — [we 


Tie ts{4i3}t2 ti fol 
| - | Register Address 


This register specifies the address number of the data register 
to be accessed. When both RS and CS are at low level, this 
register 1s selected. Programming the data from 40 to 63 pro- 
duces no result. 





HORIZONTAL TOTAL CHARACTERS REGISTER (RO) 


Character 


Data Bit 





pata Bit 
ee Be 4a eto | 
| NRE INo. of Char. -1) 


Nht (No. of Char. -1) 


This register determines the horizontal scanning cycle. The 
programmed value is the total number of displayed and non- 
displayed characters per raster, minus one. 

In the interlace sync mode, the programmed value, Nht, 


must be odd. 


HORIZONTAL DISPLAYED CHARACTERS REGISTER (R1) 


Pete ee rw Reaee j character | w | 


Character 
Nhd (Displayed Characters) 


This register specifies the number of displayed characters per 
row. Any number less than the total number of characters can 
be programmed into this register. 

















HORIZONTAL SYNC POSITION REGISTER (R2) 


Data Bit 





pata Bit 
a] character | we 
|__Nhsp (Horizontal Sync Position=1) | 


Nhsp (Horizontal Sync Position - 1) 


This register is used to program horizontal sync position as a 
multiple of the character clock time. The programmed value 1s 
the character number of horizontal sync position, minuts one. 
Any number equal to or less than the horizontal total charac- 
ters register value (RO) can be programmed. When the pro- 
grammed value of this register is increased, the display position 
on the screen is shifted to the left. When the programmed value 
is decreased, the display position is shifted to the right. Thus 
the optimum horizontal position can be determined. 


SYNC WIDTH REGISTER (R3) 










dO oe hae Woe Pe, Te por H: Character 
iva [Wve [Wve [Wve [Wh |Wrs [Wns who | Veter 


This register determines the widths of both horizontal sync 
pulse and vertical sync pulse. The horizontal sync pulse width is 
programmed from 1-to-15 character clock times in the low- 
order four bits. Zero cannot be programmed. The vertical sync 
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pulse width 1s programmed from 1-to-16 raster times in the 
high-order four bits When 0 1s programmed in the high-order 
four bits, a vertical syne pulse width 1s 16 raster times (16H). 


Table 4 Horizontal Sync Pulse Width 


HSW 
Pulse Width 
23 22 2} 2° 

0 0 0 0 Not Used 
0 0 0 1 1 CH 
0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 


CH Character Clock Time 


Table 5 Vertical Syne Pulse Width 


VSW 
Pulse Width 

2° 2° 2° 2° 

0 0 0 0 16H 
0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 
0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 


H Raster Time 


VERTICAL TOTAL ROWS REGISTER (R4) 


Data Bit 





ee ee ew [w 


Nvt (No. of Char. Rows — 1) 


This register determines the vertical scanning cycle. The pro- 
grammed value is the total number of character rows 1n a field, 
minus one. 


i 
© HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 117 








HD6345/HD6445 


VERTICAL TOTAL ADJUST REGISTER (R5) 


Raster W 


Data Bit 


Po Data Bit 
| 26 2106. a oa oe to 
Eee eed 


Paes Nagy (No. of Rasters) 


This register determines the number of additional rasters to 
adjust total number of rasters in a field. The optimum number 
from 0-to-31 can be programmed. Thus fine adjustment of 
vertical scanning cycle is performed. 





VERTICAL DISPLAYED ROWS REGISTER (R6) 


See es Pe ies 


Nvd (Displayed Char. Rows) 





This register specifies the number of displayed character rows 
in each field. Any number less than the total number of charac- 
ter rows can be programmed into this register. 


VERTICAL SYNC POSITION REGISTER (R7) 


ota ater} now | w | 


This register is used to program vertical sync position on the 
screen as a multiple of the character row time. The programmed 
value is the character number of vertical sync position, minus 
one. Any number equal to or less than the vertical total rows 
register value (R4) can be programmed. When the programmed 
value of this register is increased, the display position is shifted 
up. When the programmed value is decreased, the display posi- 
tion is shifted down. Thus the optimum vertical position can be 
determined. 






INTERLACE MODE AND SKEW REGISTER (R8) 
Data Bit 





This register selects the raster scanning mode and controls 
the skew (delay) of CUDISP and DISPTMG outputs. 


@ Raster Scanning Mode (V, S) 
The low-order two bits select the raster scanning mode. 





Raster Scanning Mode 







Non-interlace mode 
Interlace sync mode 
Non-interlace mode 
Interlace sync and video mode 


® Skew (C,, Cy, D;, Do) 

The bits D,/Dp) and C,/Co specify the skew of DISPTMG 
and CUDISP outputs, respectively. Skew control makes these 
output timings match with the serial video signals by delaying 
these outputs as programmed, in order to assure the access time 
to refresh memory and character generator. 


DISPTMG 








No skew 
One character skew 
Two character skew 
Not available 






-_= —= © © 
- O—-_ © 









CUDISP 











No skew 
One character skew 
Two character skew 
Not available 


=_-_ -=—- © © 
- O-- © 


CLK 


No Skew | | 


CUDISP | be One Character Skew 


Skew 


DISPTMG | ea 


Skew 





Figure 26 DISPTMG and CUDISP (One character skew) 


MAXIMUM RASTER ADDRESS REGISTER (R9) 


ae ae 
This register determines the number of rasters per character 
row. When n means the number of rasters, the programmed value 


is as follows: 
non-interlace mode, interlace sync mode :n- 1 


| Program Unit | Unit | R/W 


Raster 





* interlace sync and video mode :n-2 
(1) Non-Interlace mode 
Raster 
Address 
0 —_———_—_———_ Number of rasters ; 5 
1 Programmed value : Nr =4 
2 Row 
3 
4 
(2) Interlace sync mode 
Raster 
Address 
SS ———————._* even field 
fs ee ee a) nn ee : odd field 
as aaa Salad aes 1 es Number of rasters 5 
oe ares 2 a Programmed value © Nr=4 
3 
om me ee oe ww ee ae oy an oe 3 
4 
ee er, 4 


In the interlace sync mode, a half number of rasters per row 
minus one should be programmed. 
(3) Interlace sync and video mode 


Raster 
Address 
0 ee . even field 
Saas : odd field 


Number of rasters . 5 
Programmed value : Nr =3 


In the interlace sync and video mode, the sum of rasters per 
row minus two should be programmed. 
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CURSOR 1 START REGISTER (R10) 


Data Bit 


Nes, | Nes, (Raster Address) —_| Address) 


This register determines the start raster address and selects 
the cursor blink mode for the cursor 1. The low-order five bits 
determines the start raster address. Bits B, and P, select the 
cursor blink mode. 





oe, ee 
hele a pee eo 
P= fer [Pr | Nes: aster Address) 





Cursor Blink Mode 







No blink 
No cursor 

Blink, 1/16 field rate 
Blink, 1/32 field rate 


~=—=— © OO 





Blink Rate 


ON OFF 





1/16 or 1/32 Field Rate 


CURSOR 1 END REGISTER (R11) 










Program Unit 


Raster 


Daata Bit 


tae 
Tete ys Ts tet qo 
[== [= Nees (Raster Aaeress) 


This register determines the end raster address for the cursor- 
1. 





SCREEN 1 START ADDRESS REGISTER (H, L) (R12, R13) 
(R12) 






Pata it | Program Unit [RAW 
7 |e [5 ]4 3 ]2 41 ]o | Memory law 
p= | =] Memory Address (H) Address 


it re 
(7 [6 [5 |4 [3 [241 [0 | Memory 
Memory Address (L) Address 


These registers determine the start memory address for the 
split-screen 1 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R12 are always read 
as Os. 













CURSOR 1 ADDRESS REGISTER (H, L) (R14, R15) 
(R14) 










[7 {6 [5 [4 )3 [2 ]1 Jo | Memory R/W 
[= [= [Memory Address (H) | Address 





7 16 15 [4 }3 [2 }1 Jo | 


Memory Address (L) 


Memory 
Address R/W 





These registers determine the cursor 1 display memory ad- 
dress. The high-order two bits of R14 are always read as Os. 
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LIGHT PEN REGISTER (H, L) (R16, R17) 
(R16) 








Reet eee ae TE 
lel 





Memory Address (H) 





(R17) 





Sreeraceet ees eC 


Memory Address (L) 


These registers store the light pen detection address. The 
high-order two bits of R16 are always read as Os 

Note that the stored address will be different from the actual 
address due to the following delays: address output delay, video 
signal output delay, light pen detection to LPSTB delay, and 
LPSTB to internal recognition delay. The relations between the 
LPSTB input and the memory address, raster address are shown 
in Figures 32, 33 in electrical characteristics. 






SCREEN 2 START POSITION REGISTER (R18) 


Start Row ~ 1 





This register determines the start row of the split-screen 2. 
The programmed value is the start row number minus one. 

If the split-screen 3 (or 4) start position register (R21 (or 
R24) ) has already been programmed with the identical data, 
both of the split-screens 2 and 3 (or 4) will be disabled. 


SCREEN 2 START ADDRESS REGISTER (H, L) (19, R20) 
(R19) 





76 { sta] 3] 241 ]o | memory lay 
le we ee ee 










7 iets ta {3s} 2t1[o} memory law 
Memory Address (L) Address 
These registers determine the start memory address for the 
split-screen 2 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R19 are always read 
as Os. 





SCREEN 3 START POSITION REGISTER (R21) 





This register determines the start row of the split-screen 3. 
The programmed value is the start row number minus one. 

If the split-screen 2 (or 4) start position register (R18 (or 
R24) ) has already been programmed with the identical data, 
both of the split-screens 3 and 2 (or 4) will be disabled. 


Start Row - 1 
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SCREEN 3 START ADDRESS REGISTER (H, L) (R22, R23) 
(R22) 









ERR ESE eee Memory RAW 
Peek. Money Mates (Hy a 













[ata *Y Program Unie [RW 
Te TET Te TATE TST pepe law 
[Memory Addres(L) |r 


Memory Address (L) 


These registers determine the start memory address for the 
split-screen 3 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R22 are always read 
as Qs. 


SCREEN 4 START POSITION RECISTER (R24) 


Data Bit 





enest "1 eee! 
[7 [ets j4{3]i2]ifo | ai 
ae eee 


Start Row - 1 


This register determines the start row of the split-screen 4. 
The programmed value is the start row number minus one. 

If the split-screen 2 (or 3) start position register (R18 (or 
R21) ) has already been programmed with the identical data, 
both of the split-screens 4 and 2 (or 3) will be disabled. 


SCREEN 4 START ADDRESS REGISTER (H, L) (R25, R26) 


(R25) 

[Bae err Ue 
TET T+ L312 Tt LO] temo ley 
[= [=] emery Adkress a | Adres 














71615 }4 13 ]2}1 10} Memory law 
Memory Address (L) Address 

These registers determine the start memory address for the 
split-screen 4 display. Paging or scrolling is enabled by renewing 
these registers. The high-order two bits of R25 are always read 
as Os. 





VERTICAL SYNC POSITION ADJUST REGISTER (R27) 
Data Bit 


ae ee 
[7 |e js tats i2iijo- 
ae ia 


[Program Unit [RAW 


Raster 





| — | Nvad (No. of Rasters) 


Row Number L-—1 


Raster Address 5 


Vertical Sync Position 
Fine Adjustment 


3 Raster Times 


This register performs a fine adjustment on the vertical sync 
signal output in units of rasters. The VSYNC signal is supplied 
after the delay of Nvad rasters. Nvad is equal to or less than the 
maximum raster address register value (R9). 

This register 1s enabled when “SY (bit 3) = 1” is set into the 
control 1 register (R30). If an adjustment is not required, the 
SY bit or this register (R27) is requested to be set as 0. 


LIGHT PEN RASTER REGISTER (R28) 


7 [6 {5 [4 13] 2]1 Jo | Ss 
he eae eel 





Raster Address 


This register stores the light pen detection raster address and 
the detection period. The raster address is detected and stored 
into this register when the LPSTB input is asserted. The DP (bit 7) 
indicates the period in which the light pen strobe 1s detected. 
“DP = 1” is stored when the LPSTB is asserted during the dis- 
play period, and “DP = 0” is stored when 1t occurs during the 
blanking period. 





SMOOTH SCROLLING REGISTER (R29) 


7{e{5{4 [3]{2]i]o | 
P= | - [= | Nss (Raster Address) 


This register determines the start raster address within a row. 
By renewing this register, smooth scrolling is provided for the 
screen specified by the bits SS, — SS, of the control 2 register. 
The programmable number 1s equal to or less than the maximum 
raster address register value (R9). 

This register is valid only in the non-interlace mode and the 
interlace sync mode. 










Program Unit 






Raster 








CONTROL 1 REGISTER (R30) 






7 {eo [5 [4/3] 211 }o 7 
ve [vs [ie fie [sy [rv [sr [5 | 

This register controls the following by the corresponding 
bits. A device reset clears all bits of this register. 

VE, VS, TV : External synchronization control 

IB, IL Interrupt control 

SY : Vertical sync position adjust control 

SP,, SPo Screen split control 





SY=1 (R27=3) 


Figure 27 Vertical Sync Position (Vertical Sync Pulse Width = 6) 
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@ External Synchronization Control (VE, VS, TV) 
(1) Operation mode alteration 
















Function 


EXVSYNC/VSYNC corresponds to VSYNC output 
EXVSYNC/VSYNC corresponds to EXVSYNC input 


DISPTMG 
Activated 
Keeps low 












Function 
EXHSYNC/HSYNC corresponds to HSYNC output 
Sync width register (R3) defines the HSYNC pulse 
width 

EXHSYNC/HSYNC corresponds to EXHSYNC input 


Sync width register (R3) defines the horizontal back 
porch period 


(2) EXVSYNC and VSYNC control 
<VE=1> 







EXVSYNC 









EXVSYNC/VSYNC corresponds to EXVSYNC 
input and synchronized with the external signal 






Interlace Sync 
and Video” 


VSYNC signal supplied 


VSYNC signal supplied only in 
odd field scanning 











VSYNC signal 
supplied 


Note) * Attention to the limitation item described in Note) of Table 6 
for interlace sync and video mode. 


Table 6 External Synchronization Control 


Whvelvs 
0; 0; 0 


Function 


Set as master CRTC in master-slave mode* 


Oo: 0; 1 Set as master CRTC in master-slave mode, in 
interlace sync mode or interlace sync and video 
mode, upon synchronization 

0; 1; 0 Set as slave CRTC in master-slave mode 

Oo; 1; 1 Set as slave CRTC in master-slave mode, upon 
synchronization 

1/0; 0 Program inhibited 

1; OO; 1 Program inhibited 

1/ 1] 0 Set as slave CRTC in TV sync mode** 

1] 1] 1 Set as slave CRTC in TV sync mode, upon 
synchronization” * 

Note) * ‘‘000” 1s to be set also when not performing the external 


synchronization. 


** In TV sync mode, DISPTMG is supplied after the back porch 
period. 
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@ Interrupt Control (IB, IL) 














Regi j 
oe 1 Register IRQ Signal 


Not supplied 
Supplied by light pen strobe 
Supplied by vertical blanking 


Supplied by light pen strobe 
or vertical blanking 


Note) The IRQ signal is supplied from the [RQ pin while the DISPTMG 
1s low 


®@ Vertical Sync Position Adjust Control (SY) 










Control ea Vertical Sync Position Adjust Reg. (R27) 


Disabled 
Enabled 










Control! 1 Register 
SP, SPo 





Function 


Screen start position regs. (R18, R21, 
R24) disabled 


Screen 2 start position register (R18) 


0 | enabled 

1 0 Screen 2 and 3 start position regs. 
(R18, R21) enabled 

1 1 Screen 2 to 4 start position regs. 


(R18, R21, R24) enabled 


Status aul 
Control 2 


During a write transaction, this register specifies the screen 
to be scrolled smoothly and provides the double-size vertical 
display with the raster interpolation function. A device reset 
clears the bits of the control 2 register. 

During a read transaction, this register indicates the status 
such as display field, vertical blanking, light pen strobe and 
access inhibit in DPRAM mode. A device reset clears the Al bit 
and SL bit of the status register. 

Refer to Table 10 Reset State of Internal Registers for details. 
< Control 2 Register > 


SS,, S83, SS, SS, Smooth scrolling control 


RI : Raster interpolation control 
< Status Register > 
AI, E, SB, SL Status indication 
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® Smooth Scrolling Control (SS1—SS4) 

Setting the bits SS1 to SS4 enables smooth scrolling on the 
split-screens 1 to 4, respectively. The smooth scrolling register 
(R29) is enabled for the specified split-screen. 


Smooth Scrolling 


SS; Disabled on the split-screen 1 
Enabled on the split-screen 1 

SS, Disabled on the split-screen 2 
Pe Enabled on the split-screen 2 

SS3 fe Disabled on the split-screen 3 
Enabled on the split-screen 3 

SS4 0 Disabled on the split-screen 4 
1 Enabled on the split-screen 4 


® Raster Interpolation Control (R1) 

Setting 1 into this bit performs a raster interpolation. The 
raster address is incremented every two rasters, doubling the 
vertical scanning cycle. 

This function is provided only in the non-interlace mode and 
the interlace sync mode. 


@ Status Indication (Al, E, SB, SL) 
Access Inhibit Status Bit : Al 






Status 


Refresh memory access allowed 
Refresh memory access inhibited 








Status 


During odd field display 
During even field display 






Note) E 1s always ‘‘0” in the non-interlace mode. 


Vertical Blanking Status Bit - SB 






Status 


Not during vertical blanking 
During vertical blanking 













Status 


Light pen strobe not detected 
Light pen strobe detected 






Reading this register clears the SL, but not SB. Also, the IRQ 
output signal goes low upon read access of this register. The bits 
3-6 of the status register are always read as Os. 


CONTROL 3 REGISTER (R32) 





Ear AEE ESE Ee 

few [ex [ows ows [ww [ve [oR | — | 
This register controls the following by the corresponding 

bits. A device reset clears this register 

CM _ : Cursor display mode control 

C, : Cursor 2 enable 

CW, : Cursor 1 width control 

CW, : Cursor 2 width control 

MW : Memory width control 

TC : Three-state control 

DR : DPRAM mode selection 


[Program Unit [RIW 
W 





@ Cursors Display Mode Control (CM) 






EOR mode 
OR mode 









Disabled 
Enabled 












Disabled 
1-character width specified as cursor 1 width 
Enabled 

Set value in R38 specified as cursor 1 width 






Cursor 2 Width Register (R39) 








Disabled 
1-character width specified as cursor 2 width 


Enabled 
Set value in R39 specified as cursor 2 width 










Disabled 
Linear address supplied as memory address 


Enabled 
Memory width definable 





® Three-State Control (TC) 


TC MA and RA Outputs 
Three-state control disabled 
1 When TSC is low, memory address supplied on MAyg—13 
and RAyg—a 
When TSC is high, MAg-13 and RA g—4 stated 
Into high- impedance 


@ HITACHI 


122 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


@ DPRAM Mode Selection (DR) 






DPRAM Mode Selection 


DPRAM control signal not supplied 
Enters DPRAM mode 





MEMORY WIDTH OFFSET REGISTER (R33) 











[at —*d ram Ut 


Nof (Offset Address) 





This register specifies the offset value to be supplemented to 
the memory address, in units of characters, in order to define the 
start memory address of the next row. Adding the offset value to 
the memory address makes the memory width wider than the 
display width. Reprogramming the start memory address en- 
ables the display screen to be scrolled in any direction within a 
memory space by character. If this register is set to the offset 
value M, the start address of the next row will be the last dis- 
played character address + M + 1. 

This register is enabled when “MW (bit 3)= 1” 1s set into the 
control 3 register (R32). If an offset value 1s not required, the 
MW bit of R32 or this register (R33) 1s requested to be set as 


0. 
| Memory Width | 


Display Width 







Offset Value = M 


Figure 28 Memory Width Offset 


CURSOR 2 START REGISTER (R34) 
Data Bit 





foe 2 Sons ea 
7B 0 a 
|= [82 | Pa | Ness (Raster Address) | 


This register determines the start raster address and selects 
the cursor blink mode for the cursor 2. The low-order five bits 
determines the start raster address. Bits B, and P» select the 
cursor blink mode. 

If the C, bit of the control 3 register is 0, or in the DPRAM 
mode, this register is invalid. 


HD6345/HD6445 






Cursor Blink Mode 






0 0 No blink 
0 1 No cursor 
1 0 Blink, 1/16 field rate 
1 1 Blink, 1/32 field rate 
Blink Rate 
ON OFF 





1/16 or 1/32 Field Rate 


CURSOR 2 END REGISTER (R35) 


G2. ee 
Teves [3 [2tire 
eaves 


Nce, (Raster Address) 







[Progam Uni [RAW 





This register determines the end raster address for the cursor 
2 

If the C, bit of the control 3 register is 0, or in the DPRAM 
mode, this iegister 1s invalid 


CURSOR 2 ADDRESS REGISTER (H, L) (R36, R37) 
(R36) 










eT 
716 [5 [4 [3 [2 ]1 [0] memory law 
=P = [Memory Adare tH | Are 


Memory Address (H) 








[eT rr i Fa 
Ete ht emery fav 
[Memory adiessit | Ale 






Memory Address (L) 





These registers determine the cursor 2 display memory 
address The high-order two bits of R36 are always read as Os. 

This register is disabled in DPRAM mode or when “C, = 0” 
is set in the control 3 register (R32). 


CURSOR 1 WIDTH REGISTER (R38) 
Data Bit R/W 


ee ee 
0 Se | 98 ae SCOP eee, Hem 
[News (Number of Characies) 


This register specifies the cursor 1 width in units of 
characters. Writing 0 into this register disables the cursor 1 
display. 

This register 1s enabled when “CW, (bit 5) = 1” 1s set into 
the control 3 register (R32). 












CURSOR 2 WIDTH REGISTER (R39) 
[atest Program Unie [RW 
HB 0 a 
[a= Nels (Namberiet Charecieie). 





New, (Number of Characters) 





This register specifies the cursor 2 width in units of 
characters. Wniting 0 into this register disables the cursor 2 
display. 

This register is enabled when “CW, (bit 4) = 1” is set into 
the control 3 register (R32). 

In DPRAM mode, this register specifies the ACI signal output 
timing, not affected by the CW, bit at all. 
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8 LIMITATION FOR PROGRAMMING 
The register programmed value is limited as listed in Table 7. 


Table 7 Limitation on Register Programmed Value 


Register Programmed Value Range Associated Reg. 
1< Nhd<Nht+1< 256 | R1,RO 
0< Nvd< Nvt + 1 < 256 R6, R4 
0 < Nhsp < Nht 

Screen Format . 












0 < Nvsp < Nvt R7, R4 
R27, RO 
3 < Nht 


5 < Nht (Non-interlace mode) pm 


O< Nes, < Nee, R10, R11 


Nce, < Nr (Non-interlace mode and (interlace sync mode) 
R11, R9 


Nce,; <Nr (Interlace sync and video mode) 


0 < Nes, < Nee, R34, R35 


Nce, < Nr _ (Non-interlace mode and interlace sync mode) nae (Ro 
Nce, <Nr (Interlace sync and video mode) ; 
R38 
R39 
33 


2 < Nr < 30 (Interlace sync and video mode) 
Nvad < Nr 






(Interlace sync mode and interlace sync and video mode) 












Cursor Control 


















0< New, < 255 
0< New, < 255 


Notes 1) * Inthe interlace sync mode, 1f the vertical sync signal assertion strides over the next field, the signal pulse width 1s alternately 
increased or decreased by 1/2 raster period in the following fields. 
2) Refer to INTERNAL REGISTER ASSIGNMENT for symbols 











0 < Nof < 255 


= RESET Table 8 Note for a Reset 
The RES functions as a reset input signal only while the 
LPSTB is low. “Reset’’ is definable in two stages. a 
(1) “During a reset state” indicates the period that the RES During 1. HD6345/HD6445 sets “6845S mode*” 
remains “‘low’’. oe a Reset State Control registers R30, R31, and R32 
(2) ‘‘After a reset state” indicates the state after the RES transi- cannot be programmed 
tion from low to high After . HD6345/HD6445 remains “6845S 


a Reset State mode” until control registers R30, R31, 


R32 are programmed 

In external sync mode, the additional 
circuit is required to prevent the conten- 
tion between sync signals (VSYNC, 
HSYNC) of a master and those of a 
slave 





During After 
A reset has occurred a reset state a reset state 


The RES assertion at power-on does not define the internal 
registers. The internal operation remains undefined until all the 
Figure 29 Reset Definition internal registers have been programmed. 


se ae ‘ ; Note) * ‘6845S mode” 

The note for a reset is listed in Table 8, and the pin status The 6845S mode causes the HD6345/HD 6445 to implement 
during a reset state is in Table 9. the HD6845S functions The HD6345/HD6445 ts software- 
compatible with the HD6845S, and ts provided with the ex- 
tended functions of the HD6845S Programming the control 
registers enables the extended functions 
The control registers are initialized during a reset state 
The HD6345 has 68-compatible bus interface It 1s pin- 
compatible with NMOS CRTC-Il HD6845S 
HD6445 has 80-compatible bus interface Note that HD6445 
is not pin-compatible with NMOS CRTC HD6845S. 
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Table 9 Pin Status during a Reset State 


Input 
Output 


Vs Vss 
T 
cc 










DD 
m 
io) 


2 [Rs feed [SOOSC—CSSC“‘C*S 
LPSTB Light Pen Strobe 
Three State Control 


4-17 MAo-MA 3 Memory Address O-13 Goes low immediately after reset 


18 


Low Level signal requested to be supplied 





S 















DISPTMG Display Timing Goes low immediately after reset 


CUDISP Cursor Display 


A Goes low immediately after reset 


Interrupt Request 
ee ee 
Character Clock Not affected 


No 
Oo 


s 

C 
Cl 
Vcc 

CLK 
R 

S 


NO 
No 


Enable (HD6345) Not affected 


NO 
WO 


Read (HD6445) Not affected 
Register Select Not affected 
2 cs Chip Select Not affected 


5 
26-33 Do-D7 Data Bus 0-7 Not affected 
Output 


34-38 RAo-RAg Raster Address 0-4 Goes low immediately after reset 
HSYNC Corresponds to HSYNC until external 
sync mode is set into the control register 
EXHSYNC External Horizontal Sync after reset 
VSYNC Vertical Sync 
EXVSYNC External Vertical Sync 


RS 


£& = 


No 


Access {Inhibit 


Corresponds to VSYNC until esternal 
sync mode is set into the control register 
after reset 


pe] 
co 
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Table 10 Reset State of Internal Registers 


Address Register 
Horizontal Total Characters 


Data Bit (Reset State) 






Reg 









AR 


xe 4 ra tean 
oes > 
‘ 
ye Fs w 
Sace . Y 





Horizontal Displayed Characters 


Horizontal Sync Position 
Sync Width 


Vertical Total Rows 
Vertical Total Adjust 
Vertical Displayed Rows 


Vertical Sync Position 


Interlace Mode and Skew 


Maximum Raster Address 


Cursor 1 End 
R13 Screen 1 Start Address (L) 
Ri6 | _LuhtPen(W) 


R17 Light Pen (L) 
Screen 2 Start Position 
Screen 2 Start Address (H) 
Screen 2 Start Address (L) 
Rar 
R22 Screen 3 Start Address (H) 

R23 Screen 3 Start Address (L) 


R25 
R26 
Control 2 


not affected 
(After power-on, the value is not fixed until it is programmed ) 


becomes ‘’0”’ 


2 


R1 
R2 
R3 








R7 


® 
‘ Ww 
2 
84 
-3 
s 
Nn 
S 
cars 







4 s 
a 4 
oe ox 
“ a8 
wo ~ 
é oe 
2h 
oe “ 
4, : 
re < vw 
¢ 



















Bek 
: ce 
. 
> 
eee: ate ad 
. ‘ ‘ 
“ > 
ras q . 
. ¢ er 
< Pai: 
a 4 ea 
2 
se 8 
Src ve 
. ¥ 
Seren 
sBEOS 


rs 
oe 
+ 7, 

“ 

‘ 
» 

a 3 
F oe 
t, 

ie CAE? 


> os 
eer be, 
oe 
ane A 
v 
% 
. 2 


: ’ 

4 ae of 

d woe ” 
ry F 4 

a + “a, 


R19 








=] 
NO 


Bele ee aa eels & 


Bn 28 
Bt ac 
cae 
£ -e * 
Ee: a3 
2 cae 
ee : 
’ aot 
* % 
oe - koe? 






Ee ay Se 

@ ‘4 So 
“, Sis 
oe es 
és, ba re 

= a 
Bs a 
ae ee 

z 4 





















R24 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 


ee 
tok 
to 
en 2 


Di Di wD] Dv a Pe) 
EEEEGEcuambcon 


Note) 


becomes ‘'1"’ 


C 
Lo | 
is 


becomes ‘‘0’’ in the non-interlace mode 
becomes “1” in the interlace sync mode and interlace sync and video mode 


(After power-on, its status is not fixed until the raster scanning mode ts set } 








/ not used 
= NOTES AND LIMITATIONS FOR HD6445 (2) Refer to the RESET section for notes on a reset at power- 
on. 
NOTES 
(1) The CRTC-II HD6345/HD6445 is the CMOS LSI. It LIMITATION FOR PROGRAMMING . 
should be noted, peculiar to CMOS LSIs, that the input Refer to “Table 7 Limitation on Register Programmed 
pins of the HD6345/HD6445 must not be left discon- Value” for details. 


nected, etc. 
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ANOMALOUS OPERATION BY REGISTER REPROGRAMMING DURING SCREEN DISPLAY 


The temporary erroneous operation may occur if program- Register reprogramming 1s: 

ming the internal register during a screen display period. Gener- ©: Allowable 

ally, the device starts the newly specified operation on and after A: Allowable with some conditions 

the following field after a renewal. A temporary flicker may occur upon deviation of the 
Whether or not the register reprogramming 1s allowed during conditions. 

a display 1s shown by the symbols O A and x in the following X : Not recommended 

table. A temporary flicker may occur upon register renewal. 





Horizontal Total Characters Horizontal scanning cycle ts irregularized. | ox | 
Horizontal Displayed DISPTMG width may be set shorter than specified only during 1 raster period 
Characters because of a momentary misrecognition of this register data. 
Horizontal Sync Position HSYNC will not be supplied as required, or a noise may occur. It may be 
supplied as programmed on and after the following field. 
Sync Width Sync pulse width may be set shorter than specified when registers are 
reprogrammed during high of HSYNC and VSYNC 
Vertical Total Rows Vertical scanning cycle may be irregularized when reprogrammed during the last 
raster scanning period within a row. 


x 
x 


Vertical Total Adjust The specified number of adjust rasters will not be supplemented when 
reprogrammed within the last character clock time during adjust raster scanning 
period. 


Vertical Displayed Rows Raster scanning may be suspended (DISPTMG goes low.) immediately after 
being reprogrammed within a field. The programmed display is enabled on and 


= after the following field. 





No 
R2 
R3 
R4 
R7 


Vertical Sync Position VSYNC will not be supplied as required, or a noise may occur. It may be 
supplied as programmed on and after the following field. 
Interlace Mode and Skew Reprogramming the scanning mode bit trregularizes vertical scanning cycle. Le 
x 


Reprogramming the skew bit neglects the programmed position for screen and 
cursor displays. 


Maximum Raster Address Vertical scanning cycle Is irregularized. 





R10 Cursor 1 Start Cursor raster scanning may be irregularized or blink period be temporarily set 


R11 Cursor 1 End shorter when reprogrammed within the last character clock time during raster 


scanning period. 


Register Name Phenomenon and Renewal Recommended Period 





reprogrammed address. 






Cursor 1 Address (H) 
Cursor 1 Address (L) 


The cursor will not temporarily be displayed at the specified address when 
reprogrammed during display period Horizontal/vertical retrace period ts 


R12 Screen 1 Start Address (H) Except during the last raster scanning period within a row, register 

R13 Screen 1 Start Address (L) reprogramming ts allowable. Horizontal/vertical display period is especially 
in the different fields, a screen display will temporarily start from the partially 
especially recommended for reprogramming. If R14 and R15 are separately 
reprogrammed in the different fields, a cursor will be temporarily displayed on 


recommended for reprogramming. If R12 and R13 are separately reprogrammed 
R14 
R15 

the partially reprogrammed address 


R16 Light Pen (H) 
R17 | Light Pen (L) 











reprogramming is allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming. 


Screen 2 Start Position Except during raster scanning period prior to the split-screen 2 start row, 


R19 
R20 


R21 
















Screen 2 Start Address (H) 
Screen 2 Start Address (L) 


Except during raster scanning period prior to the split-screen 2 start row, 
reprogramming |s allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming If R19 and R20 are separately reprogrammed 
in the different fields, a screen display will temporarily start from the partially 
reprogrammed address 


















Screen 3 Start Position Except during raster scanning period prior to the split-screen 3 start row, 


reprogramming is allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming. 


© HITACHI 
Hitachi America Ltd. « 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 127 





HD6345/HD6445 


R22 


BalFF 
w 28 





R24 


R25 


3) 
NO 
o 


R27 


R29 


R30 


R31 


R32 










R34 
R35 


R36 
R37 


R38 
R39 


W 
W 


128 









Phenomenon and Renewal Recommended Period 


Screen 3 Start Address (H) 
Screen 3 Start Address (L) 


Screen 4 Start Position 


Screen 4 Start Address (H) 
Screen 4 Start Address (L) 





Vertical Sync Position 
Adust 


Smooth Scrolling 


Control 1 -VE 
“TV 
‘VS, IB, IL 
‘SY 


“SP,,SP, 


Control 2 ‘SS,, a, SS, 





“Ri 


FS cece a iat cca ne 


Control 3 -CM, C, 
*CW,, CW, 


*>MW 


Memory Width Offset 


Cursor 2 Start 
Cursor 2 End 


Cursor 2 Address (H) 
Cursor 2 Address (L) 


Cursor 1 Width 
Cursor 2 Width 


~ 










The programmed position for VSYNC output will not be satisfied. x 


R28 | Light Pen Raster a ee err 

















Except during raster scanning period prior to the split-screen 3 start row, 
reprogramming is allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming. If R22 and R23 are separately reprogrammed 
in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 


Except during raster scanning period prior to the split-screen 4 start row, 
reprogramming is allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming. 


Except during raster scanning period prior to the split-screen 4 start row, 
reprogramming is allowable. Horizontal/vertical retrace period is especially 
recommended for reprogramming. lf R25 and R26 are separately reprogrammed 
in the different fields, a screen display will temporarily start from the partially 
reprogrammed address. 





For a screen not performing smooth scroll, reprogramming is allowable except 
during the last raster scanning period within each row. For a screen performing 
smooth scroll, reprogramming is allowable except during rater scanning period 
on the address of ‘programmed value-—1”’. Horizontal/vertical retrace period is 
especially recommended for reprogramming. 


Reprogramming is allowable except at VSYNC output. 
Reprogramming is allowable except at HSYNC output when DISPTMG is low. 
Reprogramming is allowable. 


VSYNC will not be supplied as required or a noise may occur. It may be supplied 
as programmed on and after the following field. 


Temporary disturbance may occur on a screen when reprogrammed during the 
display period. Vertical retrace period is especially recommended for 
reprogramming. 

Temporary disturbance may occur on a screen when reprogramming during 
display period. Vertical retrace period is especially recommended for 
reprogramming 

Vertical raster scanning cycle is irregularized. 


Temporary disturbance may occur on a cursor when reprogrammed during 
display period. Vertical retrace period is especially recommended for 
reprogramming. 

Temporary disturbance may occur on a screen when reprogrammed during 
display period. Vertical retrace period is especially recommended for 
reprogramming. 







Reprogramming is inhibited. 
The specified address for cursor display will not temporarily be satisfied upon 


reprogramming during display period. Horizontal/vertical retrace period is 
especially recommended for reprogramming. 


Cursor raster scanning may be irregularized or blink period be temporarily set 
shorter when reprogrammed within the last character clock time during raster 
scanning period. 


The specified address for cursor display will not temporarily be satisfied when 
reprogrammed during the display period. Horizontal/vertical retrace period is 
especially recommended for reprogramming. If R36 and R37 are separately 
reprogrammed in the different fields, a cursor will be temporarily displayed at 
the partially reprogrammed address. 


The specified cursor width will not temporarily be satisfied when reprogrammed 





during display period. Horizontal/vertical retrace period is especially 
recommended for reprogramming. 
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# ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
Supply Voltage -0.3 ~ +7.0 V 
Input Voltage -0.3 ~ Vect0.3 V 
t 
T 
fe) 


Operating Temperature as -~20 ~ +75 2¢ 


Storage Temperature -~55 ~ +150 aC 


Allowable Output Current 
Total Allowable Output Current [Sie * 


* This value 1s in reference to Vc. = OV 
** The allowable output current is the maximum current that may be drawn from, or flow out to, one output pin or one input/output common pin. 
*** The total allowable output current is the total sum of currents that may be drawn from, or flow out to, output pins or input/output common pins 
Note) Using an LSI beyond its maximum ratings may result in its permanent destruction. LSI’s should usually be under recommended operating 
conditions. Exceeding any of these conditions may adversely affect its reliability. 


= RECOMMENDED OPERATING CONDITIONS 


en a 
Supply Voltage ae ee 
Input Low Level Voltage Vit* | os f 
Input High Level Voltage ae ee ee a 
Operating Temperature —20 Pe ee 2 | 


* This value is in reference to Vg, = OV 


m ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Vcc = 5.0V+5%, Vsg = OV, Ta = -20 ~ +75°C unless otherwise noted) 
















Item Measuring Condition Typ” Max Unit 
Input High Level Voltage a ae Vcc V 
Input Low Level Voltage | -03 | - | 08 | : 
Inputs except 
Input Leak Current D,— D; -2.5 = | 28 | LA 
Three State (Off State) ea: 
ibe Currant Memory Address ~10 LA 
P Raster Address 
Output High Level |= -205 vA 
Voltage You | !=-100 wa Y 
Output Low Level Voltase [=T6mA == 
Do — Dy 
EXVSYNC Vin = OV 12.5 pF 
Input Capacity EXHSYNC Cin Ta=25C 
f = 1.0 MH 
ae ee ee 
Output Capacity pe | 10 pF 
foLk = 45 MHz 
fr = 2 MHz 
Power Dissipation Vec = max, No Load mW 
Vi = Vec - 1.0V 
Vit =08V 


* Ta= 25°C, Vcc = 5 OV 
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AC CHARACTERISTICS (Vcc = 5V+10%, Vgg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 
1. TIMING OF CRTC SIGNAL 


Item 
Clock Cycle Time 
Clock High Pulse Width 
Clock Low Pulse Width 
Rise and Fall Time for Clock Input 
Memory Address Delay Time 
Raster Address Delay Time 
DISPTMG Delay Time 
CUDISP Delay Time 
Horizontal Sync Delay Time 
Vertical Sync Delay Time 
Light Pen Strobe Pulse Width 


Light Pen Storobe Uncertain Time of 
Acceptance 


Memory Address Three-State Off Time 
Raster Address Three-State Off Time 


. EXTERNAL SYNC TIMING 


Item 
Clock Halt Time 
External Horizontal Sync Pulse Width 


External Horizontal Sync Rise and Fall Time 


External Vertical Sync Pulse Width” 


External Vertical Sync Rise and Fall Time 


Symbol 


tcycc 


5 


1 


oO 


=— 
RO 
oO i=) 


NO 
j=) 


ter, tcf 


Fig. 30 


Ek oe oe Oe 

rIdld |x l= 2 
O;O |jHA I> lp Oo 
DUiI9D lO lolo ae 


_ 
NO 


tvspb 


2 
r 
0 
= 
| 
© 


tLpD1 
tipp2 


Fig 32, 33 


Fig. 31 


tCLKST 


Symbol 
tpwHs 


Fig. 34 
V 
tv¢ 


20 
tpwvs 


7 


ov ot 
LL i w~> ot 
. poe a |= 
> |> 
NIN 
@® 
x< 


* : External Vertical Sync Pulse Width tpwys = 1000 ns + 3+teye C 


. HD6345 MPU BUS TIMING 


Item 


Enable Cycle Time 

Enable ‘‘High’’ Pulse Width 
Enable “Low” Pulse Width 
Enable Rise and Fall Time 
Address Set Up Time 

Data Set Up Time 

Data Delay Time 

Data Hold Time 

Address Hold Time 

Data Access Time 


Input Signal Rise and Fall Time 
(RES, LPSTB, RS, CS, RAW) 


130 


[oe [een Fa 





bee] 
Oo 
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4. HD6445 MPU BUS TIMING 


Item 


Read Address Set Up Time 
Read Low Level Time 
Read Address Hold Time 
Write Address Set Up Time 
Write Low Level Time 
Write Address Hold Time 
Data Delay Time 

Data Hold Time (Read) 
Data Set Up Time 

Data Hold Time (Write) 
Access Inhibit Time 


Input Signal Rise Time 
Fall Time 
(RES, LPSTB, RS, CS, RD, WR) 


0 8V 


CLK 


MAg—MA\3 


RAg—RAg 


DISPTMG 


CUDISP 


HSYNC 
VSYNC 


LPSTB 
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Figure 30 CRTC Timing Chart 
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Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HD6345/HD6445 





Note) tyaz and traz show the timing when outputs are completely 
turned off. Actual waveform varies according to loads conditions. 





Figure 31 Three-State Delay Timing (Three-state mode: TC = 1) 


When LPSTB rises in this period, 
memory address ‘‘M+2”' is set 
into the light pen registers. 


tLPD1. tLPD2 : LPSTB’s invalid time of acceptance 





Figure 32 CRTC-CLK, MAO—MA13, and LPSTB Timing 
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HD6345/HD6445 


tLep2 


CLK 


0 8V Nicotideiesia es 


When LPSTB rises after this timing, 
raster address ‘M+1” ts set into 
the light pen registers. 


LPSTB 


tLPD3 LPSTB’s invalid time of acceptance 


Figure 33 CRTC-CLK, RAyg — RA, and LPSTB Timing 


totkst 


EXHSYNC 


EXVSYNC 





Figure 34 External Syne Timing 
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HD6345/HD6445 


E 


cs 


R/W 
RS(Address 
Register) 


RS 
(Data Registers) 


Do—-D4 
(Read) 


Figure 37 HD6445 Read Sequence 
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TEST LOAD 


HD6345/HD6445 





cs 
RS 
WR 2.0V 
tow 
Do-D- 2 4V 2 4V 
(Write) ( 
O 4V 0.4V 


Figure 38 HD6445 Write Sequence 


RL=2 4ka 


C=130pF (Do — D7) 


Test Point = 40pF (Output signals except Do — D7) 
R= 11kQ (Dp — D>) 
= 24kQ (Output signals except Do — D7) 
D, — Dg are 1S2074@)or equivalent. 





Figure 39 Test Load 
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= COMPARISON BETWEEN HD6345/HD6445 AND HD6845S 


HD6345/HD6445 


CLK: 4.5 MHz CMOS 

68 System Bus Interface (HD6345) 

80 System Bus Interface (HD6445) 

1. Refresh Memory Address (16k words) 
. Paging, Scrolling 
. Light Pen 
. TTL Compatible 


. Software Programmable: 
Number of Displayed Characters on Screen 
Number of Rasters per Character Row 
Horizontal/Vertical Sync Signal 
Raster Scanning Mode 
Cursor 


HD6845S 


CLK: 3.7 MHz NMOS 
6800 System Bus Interface 


1. Refresh Memory Address (16k words) 


2 Paging, Scrolling 
3. Light Pen 
4. TTL Compatible 


5. Software Programmable: 
Number of Displayed Characters on Screen 
Number of Rasters per Character Row 
Horizontal/Vertical Sync Signal 
Raster Scanning Mode 
Cursor 





6. Screen Split (Up to 4) 

7. Smooth Scrolling 

8. External Synchronization 
9. Interrupt Request 


10. Raster Interpolation 


11. Sync Position Adjustment 
12. Light Pen Raster Address 
13. Second Cursor 


14. Display Memory Width Setting 
15. Up to 256 Character Rows 
16. Timing Signal for Dual Port RAM 


17. Three-State Control of Memory Address and Raster 
Address 
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HD6345/HD6445 


® CHARACTERISTICS DIFFERENCES BETWEEN HD6345 AND HD6845S 


HD6345 HD6845S 
Item Symbol Unit 


11 Enable Cycle Time 


ns 


wef tom ee 
1 | Power Oisipation | ‘Pp | - | | - | - a 
m0 |_- | - | 270 E 
5 en r 
WwAD 30 r 
30 : 
100 E 
9 or : 
i 120 r 
[Enable Cycle Time 
12_[ Enable “High” Pulse Width | PWen : 
13 z 
E : 
[Dota Set Up Time 


> _—_ | 
oo Wi} Ww 
oO oO} © 


16 Data Set Up Time 
17 Data Delay Time 


18 Data Access Time 
19 Input Signal Rise and Fall Time 


m CHARACTERISTICS DIFFERENCES BETWEEN HD6445 AND HD6845S 


HD6445 HD6845S ; 
Symbol Unit 


ns 


Cigit 
Djinn} 
Diz 


ns 
ns 


< 
A?) 


ns 


Item 


| Min | 
Power Dissipation ae ae oe a 


2 
° 


mW 


| Max_| 
| 600 | 1000 
2 | Clock Cycle Time | teyec | 220 | - | - | zo) - | ~~ | 
3 | Clock High Pulse Width 100 ee 
4 [Clock LowPulsewisth {| PWcr_— | 100 | = | | 30 | | | 
5 [Memory Address Delay Time | wan | - [| ~- | 80 | - | - | 160 | ns 
: map| - | - ]# | - | - | 1 [= 
7 | Display Timing Delay Time [| toro | - | - | 120 | - | - | 250 | 
@ | Horizontal SyneDelay Time | tuso | — |= | 700 [ - | — | 00 [ms 
9 [Vertical Syne Delay Time | tysp | - | - | 120 | - | - | 20 [1s 
10 | Cursor Display Delay Time | tcon | - | - | 120 | - | - | 20 | ns 
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HD6345/HD6445 


= PACKAGE DIMENSIONS [Unit: mm (inch)] 


Scale 1/1 


52 8(2 079) 


14 6max 
(0 575max ) 


a = 
—E ~9 

Sa E 

N EO 

Oo o 2 

oO o o™ 
nS 


o 
cg 
§é 
wm © 
re: 

Q 

e 


254+025 048+0! 
(0 100 + 0.010) (0 019 + 0 004) 


(DP-40) 





Note) inch value indicated for your reference. 
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HD6845R/HD6845S 
CRT Controller (crTc) 


The CRTC is a LSI controller which is designed to provide 
an interface for microcomputers to raster scan type CRT displays. HD6845SP, HD68A45SP, HD68B45SP 
The CRTC belongs to the HD6800 LSI Family and has full HD6845RP, HD68A45RP, HD68B45RP 
compatibility with MPU in both data lines and control lines. Its 
primary function is to generate timing signal which is necessary 
for raster scan type CRT display according to the specification 
programmed by MPU. The CRTC is also designed as a program- 
mable controller, so applicable to wide-range CRT display from 
small low-functioning character display up to raster type full 
graphic display as well as large high-functioning limited graphic 
display. 


= FEATURES 

@® Number of Displayed Characters on the Screen, Vertical 
Dot Format of One Character, Horizontal and Vertical 
Sync Signal, Display Timing Signal are Programmable 

@ 3.7 MHz High Speed Display Operation 

Line Buffer-less Refreshing 

14-bit Refresh Memory Address Output (16k Words 

max. Access) 

Programmable Interlace/Non-interlace Scan Mode 

Built-in Cursor Control Function 

Programmable Cursor Height and its Blink 

Built-in Light Pen Detection Function 

Paging and Scrolling Capability 

TTL Compatible 

Single +5V Power Supply 





HD6845S 
HD6845R 


SYSTEM BLOCK DIAGRAM 


Address Bus 
Ay ~ Ais 


Data Bus 
0, os DO, 


(Top View) 





® ORDERING INFORMATION 


CRT Display 
Timing 










HD6845S 
HD68A45S 
HD68B45S 


cuDise HD6845R 
vsYNC HD68A45R 
HD68B45R 


3.7 MHz max. 












3.7 MHz max. 
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HD6845R/HD6845S 


# ABSOLUTE MAXIMUM RATINGS 


tem [symbot | Value TU 
Storage Temperature T stg °c 


* With respect to Vgg (SYSTEM GND) 


{NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 


Item Symbol | min —|_typ 
Supply Voltage Vec" 


a XY 
Input Voltage be 

Pe OO or Ais NOC ee ee 
Operating Temperature A 


* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
®@ DC CHARACTERISTICS (Vcc = 5V + 5%, Vg = OV, Ta = -20~+75°C, unless otherwise noted.) 


Item Symbol_| Test Condition Ss |_smin_ | styp* | =omax | Unit 
input “High” Voltage [| Vw | SsSCS~“C~“~“Cs‘“~C~*~‘~RCSO dS ge 
Input ““Low’” Voltage fe Meal on aa oe ee ee ee OO) c= he a OB le. IV 
Input Leakage Current Plame. Vin =0~ 5.25V (Except Dp~D-,) eee |e |) OB | LA 
Three-State Input Current Vin =0.4~ 2.4V 

; Irst _ ss MA 
(off-state) Vec = 5.25V (Do~ D7) 
| =~ 
Output “High” Voltage Von Loan © ~Z02 HA (Do~ Dr} V 
lLoap =-100 LA (Other Outputs) 
Output ‘‘Low” Voltage lLoap = 1.6mA i ee ee Vv 
Vin * : po - | - | 5 | oo 
Input Capacitance Cin Ta=25°C 
f= 1.0 MHz eee ee ae 





* Ta= 25°C, Voc = 5.0V 
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e AC Characteristics 
(Vec = 5V + 5%, T, = -20 ~ +75°C, unless otherwise noted.) 


1. TIMING OF CRTC SIGNAL 


HD6845R/HD6845S 


Test HD6845R HD6845S 
3 nee 
Seo 
soa tow ranean Powe |, [we [==] [ [=] 
1 [fine wdFalTnotrCostiet [Tate] * [-—-pw]—[- | on 
5 |HotomlSpetanyTing me} = f= = Pao = P= [ee 
¢[ugnronsieeruss wan [P| we |p - P@p-[— I 
TT aaeae =e el [=e 
Uncertain Time of Acceptance gn /-—-]|— |] ow] —-|{-—] o ns 
| Menon Ades Oat Te [we Po | 0 re 
a 
: i Tole ieee 
; SSeoeeor 
: SSoSe0C 
2. MPU READ TIMING 
ee ee Test HD6845S HD68A45S HD68B45S biak 
Condition | min | typ | max | min | typ | max | min | typ | max | 
Enabe Gyo Tina = a 
Enable “High” Pulse Width | PWes 045 | - | - jo2s | - | - [o22| - | - | os 
Ebi "La™ Por Wie PE eet ota at a te 
Enable Fise and Fall Tim eee ee 
Rees Set Up Tine ee A lO 
Daa Dey Tine ISR. Ieee aCe 
Data Hold Tims SN ea 
nes ol Ti OO 
3. MPU WRITE TIMING 
Ae HD6845S HD68A45S HD68B45S nae 
Erato Ove Tine a ss) owen) =) = ee 
Erabie “High” Pulse Wa es 
Enable "Low" Pulse With oes leeds es ea eae 
Address Set Up Time e" aaa lt — [| = [ vol - | - | wm] - [ - [ons 
Data Hold Time | to | = | = | to) ~ | - | 0) - | ns 
pasenvoatin iw] Pw PP == = = P= 
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HD6845R/HD6845S 


Teycc 
2.0V 2 0V PWe. 
08V 08V 0.8V 
CLK PWeu 
ter tcf 
0.4V 
MA,~MA,, 
tMaD 
24V 
0.4V 
RA, ~RA, 
tRaD tRAD 
0.4V 
DISPTMG 
toTpD 
0.4V 
CUDISP 
tcpp 
2.4V 
0.4V 
HSYNC 
VSYNC 
tHusD tHsD 
tvsp tvspD 
2.0V 2.0V 
PWLPH 
LPSTB 


This Figure shows the relation in time between 
CLK signal and each output signals. Output 
sequence ts shown in Figs. 10~15. 


Figure 1 Time Chart of the CRTC 
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HD6845R/HD6845S 


t 
LPD2 tTLPD1 


CLK 0.8V 0 8V 


A 


LPSTB ey \_________—__ 
2 0V \ 
LPSTB 


+1 


Qn 
\f 
= 
+ 
NO 


Refresh Memory Address ‘‘M+2” 
is set into the light pen registers. 


Al 


When LPSTEB rises in this “me 


tLpp1.tLpp2 LPSTB’s uncertain time of acceptance 


Figure 2 LPSTB Input Timing & Refresh Memory Address that 1s set into the light pen registers. 


cycE 


R/W, RS 





Figure 3 Read Sequence 
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HD6845R/HD6845S 


tas 





E 
Cs 
R/W 2.0V 
RS (Address 
Register) 
0.8V 
RS 


(Control Registers) 


D,~D, ( 


2.0V 


0.8V 


PWe ad 


0.8V 0.8V 


tef 


2.0V 


0.8V 


Figure 4 Write Sequence 


5.0V 


Rx. =24k2 


Test Point 





Figure 5 


= SYSTEM DESCRIPTION 

The CRTC is a LSI which is connected with MPU and CRT 
display device to control CRT display. The CRTC consists of 
internal register group, horizontal and vertical timing circuits, 
linear address generator, cursor control circuit, and light pen 
detection circuit. Horizontal and vertical timing circuit generate 
RA y~RA,, DISPTMG, HSYNC, and VSYNC. RAy~RAg are 
raster address signals and used as input signals for Character 
Generator. DISPTMG, HSYNC, and VSYNC signals are received 
by video control circuit. This horizontal and vertical timing 
circuit consists of internal counter and comparator circuit. 


C = 130pF (D,~D,) 

= 30pF (Output signals except D, ~D,) 
R = 11k2 (D,~D,) 

= 24k2 (Output signals except D, ~D,) 


D, ~D, are 182074 or equivalent. 


Test Loads 


Linear address generator generates refresh memory address MAg 
~MA,3 to be used for refreshing the screen. By these address 
signals, refresh memory is accessed periodically. As 14 refresh 
memory address signals are prepared, 16k words max are 
accessible. Moreover, the use of start address register enables 
paging and scrolling. Light pen detection circuit detects light 
pen position on the screen. When light pen strobe signal is 
received, light pen register memorizes linear address generated 
by linear address generator in order to memorize where light 
pen is on the screen. Cursor control circuit controls the position 
of cursor, its height, and its blink. 
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HD6845R/HD6845S 


re Sie = D.~D. 
Vcc Vss RES R/WE CS RS .° 


ica : 


Address Register 
& R/W Control 


Horizontal Displayed 
Register 

Horizontal Total 
Register 


Horizontal Sync 
are tenicnltesee: FS] 
la Ra HSYNC 


Character Counter 
CK 


CLK 


























CK Horizontal Sync COMP. - | 
Width Counter 





aa 
CE MR PT _—T Sync 


Width Register 















Vertical Displayed 
Register é‘ 
Vertical Total 
Register 


/ R5 | Vertical Total Adjust | 
Register 
Fy aaneesiaccmeeeaesanen i |B) Te 
ot eee ay 
CK Vertical Sync CE Vertical Sync 


Cee 
Width Counter(—16) : Position Register 


R12] Start Address 

ia] Reger 
Cursor Skew 
Control  Lesnrro 


















Linear Address 
Generator 













10 Cursor Start 
(eae a4 Cursor End 
Raster Register 
2 ae 
: interlace & Skew 
= Felngeee 


R16} Light Pen + 
R17} Registers 


Set 
LPSTB SYNC i | 






CUDISP 








VSYNC 





Interlace 
Control 











MA, ~MA,;3 
Figure 6 Internal Block Diagram of the CRTC 
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@ FUNCTION OF SIGNAL LINE 
The CRTC provides 13 interface signals to MPU and 25 
interface signals to CRT display. 


@ interface Signals to MPU 
Bi-directional Data Bus (Dp ~D-) 

Bi-directional data bus(Dp~D-) are used for data transfer 
between the CRTC and MPU. The data bus outputs are 3-state 
buffers and remain in the high-impedance state except when 
MPU performs a CRTC read operation. 


Read/Write (R/W) _ 

Read/Write signal (R/W) controls the direction of data 
transfer between the CRTC and MPU. When R/W is at “High” 
level, data of CRTC is transfered to MPU. When R/W 1s at 
“Low” level, data of MPU is transfered to CRTC. 


Chip Select (CS) = 

Chip Select signal (CS) is used to address the CRTC. When 
CS is at “Low” level, it enables Read/Write operation to CRTC 
internal registers. Normally this signal is derived from decoded 
address signal of MPU under the condition that VMA of MPU 


is at “High” level. 


Register Select (RS) 

Register Select signal (RS) is used to select the address 
register and 18 controi registers of the CRTC. When RS is at 
“Low” level, the address register is selected and when RS is at 
“High” level, control registers are selected. This signal is 
normally a derivative of the lowest bit (AO) of MPU address bus. 


Enable(E) 

Enable signal (E) is used as strobe signal in MPU Read/Write 
operation with the CRTC internal registers. This signal is nor- 
mally a derivative of the HD6800 System @, clock. 


Reset (RES) = 
Reset signal (RES) is an input signal used to reset the CRTC. 
When RES is at “Low” level, it forces the CRTC into the 
following status. 
1) All the counters in the CRTC are cleared and the device 
stops the display operation. 
2) All the outputs go down to “Low” level. 
3) Control registers in the CRTC are not affected and remain 
unchanged. 
This signal is different from other HD6800 family LSIs in the follow- 
ing functions and has restrictions for usage. 
1) RES has capability of reset function only when LPSTB 
is at “Low” level. 
2) The CRTC starts the display operation immediately after 
RES goes “High” level. 


@ Interface Signals to CRT Display Device 
Character Clock (CLK) 

CLK is a standard clock input signal which defines character 
timing for the CRTC display operation. CLK is normally derived 
from the external high-speed dot timing logic. 


Horizontal Sync (HSYNC) 
HSYNC is an active “High” level signal which provides 
horizontal synchronization for display device. 


Vertical Sync (VSYNC) 
VSYNC is an active “‘High’’ level signal which provides verti- 
cal synchronization for display device. 


Display Timing (DISPTMG) 

DISPTMG is an active “High” level signal which defines the 
display period in horizontal and vertical raster scanning. It is 
necessary to enable video signal only when DISPTMG is at 
“*High”’ level. 


Refresh Memory Address (MA, ~MA,;3) 

MAy~MAj3 are refresh memory address signals which are 
used to access to refresh memory in order to refresh the CRT 
screen periodically. These outputs enables 16k words max. 
refresh memory access. So, for instance, these are applicable up 
to 2000 characters/screen and 8-page system. 


Raster Address (RA) ~RA, ) 

RAy~RAg are raster address signals which are used to select 
the raster of the character generator or graphic pattern 
generator etc. 


Cursor Display (CUDISP) 

CUDISP is an active “High” level video signal which is used 
to display the cursor on the CRT screen. This output is in- 
hibited while DISPTMG is at “‘Low’”’ level. Normally this output 
is mixed with video signal and provided to the CRT display 
device. 

Light Pen Strobe (LPSTB) 

LPSTB is an active “High” level input signal which accepts 
strobe pulse detected by the light pen and control circuit. When 
this signal is activated, the refresh memory address (MAp~ 
MA,3) which are shown in Fig. 2 are stored in the 14-bit light 
pen register. The stored refresh memory address need to be 
corrected in software, taking the delay time of the display 
device, light pen, and light pen control circuits into account. 
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HD6845R/HD6845S 


# REGISTER DESCRIPTION 
Table 1 Internal Registers Assignment 


Address 
paee t t 
- ‘ a. ce = 


coer in aan NE err 
pe abe 
pps eee TE DT 
fievews[ a fewwoemefoee Te fe TTT 






peers] « B Pe 
secon = femm  E a) nl == 
[ieee we| woman ae 
se 
ciel a 
a Se 
BEGG ot 
= ee 


= —— oe 
[ever me foeewnee [ee = | 
effort eo] me fpwvaainnn | = fo fo FT | 
esses ea peewent bo eee. Et 
ofrfors sof au Jomo | = fe fe FET | 
pe edie fg 
of + freee a] me lomo  f -  fe tx ttt 
OE Es ee ee ee 


(NOTE] 1. The hel s marked * Sede Hse weg (Specified Value) — 1 
2. Writ 0 Value of RQ is me d bel 





1) No erlace Mode 
Pacilee ene Mode | ad 1 Vaiseh=leeecieavaual st 
2) Int ree 2 Syne & Video M ue 
Written Value) = (Specified Value) -2 
3. CO and C1 specify skew of xSP 
DO and D1 specify skew of DISPTMG 
When S ts ‘1’, V specifies ode. S fi he | e Sync Mod 
4. B specifies the cursor blink. P specifies | ang 
5. wv0~ ws s specify the pulse width of V | Sync Signal 
wh0O~wh3 specify the pulse wid f H | Sync Signal 
6. ROts — nally programmed to be odd { 
7. O; Yes No 
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® FUNCTION OF INTERNAL REGISTERS 


@ Address Register (AR) 

This is a 5-bit register used to select 18 internal control 
registers (RO~R17). Its contents are the address of one of 18 
internal control registers. Programming the data from 18 to 31 
produces no results. Access to RO~R17 requires, first of all, to 
write the address of corresponding control register into this 
register. When RS and CS are at “Low” level, this register is 
selected. 


@ Horizontal Total Register (RO) 

This is a register used to program total number of horizontal 
characters per line including the retrace period. The data is 8-bit 
and its value should be programmed according to the specifi- 
cation of the CRT. When M is total number of characters,M-1 
shall be programmed to this register. When programming for 
interlace mode, M must be even. 


@ Horizontal Displayed Register (R1) 

This is a register used to program the number of horizontal 
displayed characters per line. Data is 8-bit and any number that 
is smaller than that of horizontal total characters can be 
programmed. 


@ Horizontal Sync Position Register (R2) 

This is a register used to program horizontal sync position as 
multiples of the character clock period. Data is 8-bit and any 
number that is lower than the horizontal total number can be 
programmed. When H is character number of horizontal Sync 
Position, H-1 shall be programmed to this register. When pro- 
grammed value of this register is increased, the display position 
on the CRT screen is shifted to the left. When programmed 
value is decreased, the position is shifted to the right. Therefore, 
the optimum horizontal position can be determined by this 
value. 

@ Sync Width Register (R3) 
This is a register used to program the horizontal sync pulse 


width and the vertical sync pulse width. The horizontal sync — 


pulse width is programmed in the lower 4-bit as multiples of the 
character clock period. “O” can’t be programmed. The vertical 
sync pulse width is programmed in higher 4-bit as multiples 
of the raster period. When “O” is programmed in higher 4-bit, 
16 raster period (16H) is specified. 


@ Vertical Total Register (R4) 

This is a register used to program total number of lines per 
frame including vertical retrace period. The data is within 7-bit 
and its value should be programmed according to the specifica- 
tion of the CRTC. When N is total number of lines, N-1 shall 
be programmed to this register. 


@ Vertical Total Adjust Register (R5) 

This is a register used to program the optimum number to 
adjust total number of rasters per field. This register enables to 
decide the number of vertical deflection frequency more 
strictly. 


© Vertical Displayed Register (R6) 

This is a register used to program the number of displayed 
character rows on the CRT screen. Data is 7-bit and any number 
that is smaller than that of vertical total characters can be 
programmed. 


Table 2 Pulse Width of Vertical Sync Signa! 


VSW 


NO 
3 

nN 
a 

N 
w 


---+-+0e000+f++4 +0000 
--00;<00++00+2 00 


ak 


; Raster period 


RN 
> 


- Oo- O-" O- Oo--" O-—-" CO" CO = CO 


Pulse Width 


ab 
SO PE ee SE ee em oa ae 


—_a a = = = ot 
nf WH = © 


Table 3 Pulse Width of Horizontal Sync Signal 


HSW 
2: 2? 2! 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 


CH; Character clock period 
(Note) HSW = ‘0’ can’t be used 
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RQ 
o 


- O- Of/0fr0+ 02r07+ 02+ 0 


Pulse Width 


— (Note) 
1 CH 
2 


oon Oo & W 


11 
12 
13 
14 
15 


@ Vertical Sync Position Register (R7) 

This is a register used to program the vertical sync position 
on the screen as multiples of the horizontal character line peri- 
od. Data is 7-bit and any number that 1s equal to or less than 
vertical total characters can be programmed. When V 1s charac- 
ter number of vertical sync position, V-1 shall be programmed 
to this register. When programmed value of this register 1s in- 
creased, the display position 1s shifted up. When programmed 
value is decreased, the position is shifted down. Therefore, the 
optimum vertical position may be determined by this value. 


@ Interlace and Skew Register (R8) 
This is a register used to program raster scan mode and skew 
(delay) of CUDISP and DISPTMG. 
Raster Scan Mode Program Bit (V, S) 
Raster scan mode 1s programmed in the V, S bit. 


Table 4 Raster Scan Mode (2!, 2°) 






Raster Scan Mode 


| Non-interlace Mode 





Interlace Sync Mode 






Interlace Sync & Video Mode 


In the non-interlace mode, the rasters of even number 
field and odd number field are scanned duplicatedly. In the 
interlace sync mode, the rasters of odd number field are 
scanned in the middle of even number field. Then it is 
controlled to display the same character pattern in two 
fields. In the interlace sync & video mode, the raster scan 
method is the same as the interlace sync mode, but it is 
controlled to display different character pattern in two field. 


Skew Program Bit (C1, CO, D1, DO) 
These are used to program the skew (delay) of CUDISP 
and DISPTMG. 
Skew of these two kinds of signals are programmed 
separately. 


Table 5 DISPTMG Skew Bit (2°, 2°) 








DISPTMG 
Non-skew 
One-character skew 


Two-character skew 


_-_- —- © © 
- oO -—- Oo 


Non-output 


Table 6 CUDISP Skew Bit (27, 2°) 







CUDISP 


Non-skew 


One-character skew 






Two-character skew 


--00 
-Oo-0 


Non-output 


HD6845R/HD6845S 


Skew function is used to delay the output timing of 
CUDISP and DISPTMG in LSI for the time to access refresh 
memory, character generator or pattern generator, and to 
make the same phase with serial video signal. 


@ Maximum Raster Address Register (R9)* 

This 1s a register used to program maximum raster address 
within 5-bit. This register defines total number of rasters per 
character including line space This register 1s programmed as 
follows. 

Non-interlace Mode, !nterlace Sync Mode 

When total number of rasters 1s RN, RN-1 shall be pro- 
grammed. 

Interlace Sync & Video Mode 

When total number of rasters 1s RN, RN-2 shall be pro- 
grammed 


This manual defines total number of rasters in non-interlace 
mode, interlace sync mode and interlace sync & video mode as 
follows: 


Non-interlace Mode 


0 Total Number of Rasters:5 

1 Programmed Value: Nr = 4 

2 The same as displayed 
3 total number of rasters 
ee 

Raster Address 


interlace Sync Mode 
9—_—_________. _ Total Number of Rasters:5 
wee eee e eee eee 0 Programmed Value: Nr = 4 
aaa eee eg? In the interlace sync mode, 
2 -——______ total number of rasters in 
3 both the even and odd fields 
4 is ten. On programming, 


se aio ge Chace estate 4 the half of it is defined as 

Raster Address total number of rasters. 
interlace Sync & Video Mode 
0 ——_____—- Total Number of Rasters:5 
Die ee Pee ! Programmed Value: Nr = 3 
eee 3 Total number of rasters 
displayed in the even field 

Raster Address and the odd field. 


@ Cursor Start Raster Register (R10) 

This is a register used to program the cursor start raster 
address by lower 5-bit (2°~2*) and the cursor display mode by 
higher 2-bit (2° , 2°). 


Table 7 Cursor Display Mode (2°, 2°) 







Cursor Display Mode 
Non-blink 

Cursor Non-display 
Blink 16 Field Period 
Blink 32 Field Period 


- - © O;f8 


Blink Period 


l light | dark | 
Ne a es 
16 or 32 Field Period 


*See Comparison of HD6845S and HD6845R on page 40. 
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@ Cursor End Raster Register (R11) 
This is register used to program the cursor end raster address. 


@ Start Address Register (R12, R13) 

These are used to program the first address of refresh 
memory to read out. 

Paging and scrolling is easily performed using this register. 
This register can be read but the higher 2-bit (2°, 2”) of R12 are 
always “0”. 


@ Cursor Register (R14, R15) 
These two read/write registers stores the cursor location. The 
higher 2-bit (2°, 27) of R14 are always “0”. 


@ Light Pen Register (R16, R17) 

These read only registers are used to catch the detection 
address of the light pen. The higher 2-bit (2°, 2’) of R16 are 
always “0”. Its value needs to be corrected by software because 
there is time delay from address output of the CRTC to signal 
input LPSTB ‘pin of the CRTC in the process that raster is lit 
after address output and light pen detects it. Moreover, delay 
time shown in Fig, 2 needs to be taken into account. 





Restriction on Programming Internal Register 

1) O0<Nhd<Nht + 1 £256 

2) 0<Nvd<Nvt+1 $128 

3) 0 SNhsp S Nht 

4) 0 <Nvsp SNvt* 

5) 0 = Ncstrart © NcENp £ Nr (Non-interlace, Interlace sync 
mode 
os een < NcENpD £& Nr + 1 (Interlace sync & video 
mode) 


6) 2 < Nr S 30 (Interlace Sync & Video mode) 
7) 3 SNht (Except non-interlace mode) 
5 <Nht (Non-interlace mode only) 


* In the interlace mode, pulse width is changed +% raster time when 
vertical sync signal extends over two fields. 


Notes for Use 

The method of directly using the value programmed in the 
internal registersof LSI for controlling the CRT is adopted. 
Consequently, the display may flicker on the screen when the 
contents of the registers are changed from bus side asynchro- 
nously with the display operation. 
Cursor Register 


Writing into this register at frequent intervals for moving the 
cursor should be performed during horizontal and vertical 
retrace period. 

Start Address Register 

Writing into the start address register at frequent intervals for 
scrolling and paging should be performed during horizontal and 
vertical display period. 

It is desirable to avoid programming other registers during 
display operation. 





= OPERATION OF THE CRTC 


@ Time Chart of CRT Interface Signals 

The following example shows the display operation in which 
values of Table 8 are programmed to the CRTC internal 
registers, Fig. 7 shows the CRT screen format. Fig. 10 shows the 
time chart of signals output from the CRTC. 


oe Number of Horizontal Total Characters (Nht + iain < 


77 Number of Horizontal Displayed Characters (Nhd) eae 






Vertical Retrace Period 


Vertical ‘Total Adjust (Nadj) 


i 2 
2 2 
a sell 32 
& ® & 
as] $ a 
0 © @ 
q £1 6 
. £ = 
£ 9 3 
# 3] £3 
x E >e 
& . 
s 3 rs) ¢ Display Period 
F< ~~ 
e | 23 
> E& 
eo 3 
Ye) ZO 
fee 
@ 
a 
E 
5 
2 





Horizontal 
Retrace 
Period 


Figure 7 CRT Screen Format 


@ HITACHI 
150 Hitachi America Ltd. © 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


HD 6845R/HD6845S 


Table 8 Programmed Values tnto the Registers 





Register 





























RO Horizontal Total 

R1 Horizontal Displayed Nhd 

R2 Horizontal Sync Position Nhsp 
R3 Sync Width Nvsw, Nhsw 
R4 Vertical Total Nvt 

R5 Vertical Total Adjust Nadj 

R6 Vertical Displayed Nvd 

R7 Vertical Sync Position Nvsp 


Interlace & Skew 


(NOTE] Nhd<Nht, Nvd<Nvt 


The relation between values of Refresh Memory Address 
(MAy~ MA; ) and Raster Address (RAyg~RA, ) and the display 
position on the screen is shown in Fig. 16. Fig. 16 shows the 
case where the value of Start Address is 0. 


@ Interlace Control 
Fig. 8 shows an example where the same character is 
displayed in the non-interlace mode, interlace sync mode, and 
interlace sync & video mode. 
Non-interlace Mode Control 





A 

B 
Non-interlace Mode 

(@) 

2 

4 

foo @-0@ ©-0-0--5 |Iine #9 

pg ee ey 

--@- aay See eds ae es a es coe is -< 

A 2 : 

ae aap 

2 

psa eae ets @--3 
—o—______—_—_®— 

G2 0207 6.0 587 O ro line #1 
--@O sew “aia “(tanh ean ane ninlg “te seem: Swe @-- 

a sonre : 

Ae ee 

wm et rte ee ree B 


Interlace Sync & Video Mode 
(Total number of rasters in a line is even ) 


a 

















Max Raster Address 
Cursor Start Raster 








Cursor End Raster 
Start Address (H) 
Start Address (L) 
Cursor (H) 

Cursor (L) 

Light Pen (H) 
Light Pen (L) 





R12 
R13 
R14 

















In non-interlace mode, each field is scanned duplicatedly. 
The values of raster addresses (RAg~RAg ) are counted up one 
from 0. 

Interlace Sync Mode Control 

In the interlace sync mode, raster addressed in the even field 
and the odd field are the same as addressed in the non-interlace 
mode. One character pattern is displayed mutually and its dis- 
played position in the odd field is set at 1/2 raster space down 
from that in the even field. 


Interlace Sync Mode 


0 
2 


~-@ -----------@- 1 
—_o-—_______-®—-- 
eee erernsse Cae 
—o7—_——_—___—-@-—-- 
-~-9-0- 0-0-0 -0-0-- 5 


line #9 





--@---- ~-------@©@-- 


9 


interlace Sync & Video Mode 
(Total number of rasters in a line is odd.) 


Figure 8 Example of Raster Scan Display 
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Interlace Sync & Video Mode Control 

In interlace sync & video mode, the output raster address 
when the number of rasters is even is different from that when 
the number of rasters is odd. 


Table 9 The Cutput of Raster Address in 
Interlace Sync & Video Mode 


Even Field 


Even Address 
Even Address 
Odd Line* Odd Address 


* Internal line address begins from 0 













Total 
Number of 
Rasters in a Line 


Odd Field 






Odd Address 
Odd Address 
Even Address 














1) Total number of rasters in a line is even; 

When number of rasters is programmed to be even, even 
raster address is output in the even field and odd raster address 
is output in the odd field. 

2) Total number of rasters in a line is odd; 

When total number of rasters is programmed to be odd, odd 
and even addresses are reversed according to the odd and even 
lines in each field. In this case, the difference in numbers of dots 
displayed between even field and odd field is usually smaller the 
case of 1). Then interlace can be displayed more stably. 
[NOTE] The wide disparity of dots between number of dots 

between even field and odd field influences beam 
current of CRT. CRT, which has a stable high-voltage 
part, can make interlace display normal. On the con- 
trary, CRT, which has unstable high-voltage part, 
moves deflection angle of beam current and also dots 
displayed in the even and odd fields may be shifted. 
Characters appears distroting on a border of the 
screen. So 2) programming has an effect to decrease 
such evil influences as mentioned above. Fig. 13 
shows fine chart in each mode when interlace is 
performed. 


@ Cursor Control 

Fig. 9 shows the display patterns where each value is 
programmed to the cursor start raster register and the cursor 
end raster register. Programmed values to the cursor start raster 
register and the cursor end raster register need to be under the 
following condition. 

Cursor Start Raster Register S$Cursor End Raster Register < 

Maximum Raster Address Register. 

Time chart of CUDISP 1s shown in Fig. 14 and Fig. 15. 








0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 
Cursor Start Address = 9 Cursor Start Address = 9 
Cursor End Address = 9 Cursor End Address = 10 


—_ 


COCO WN OANA WHO 





Cursor Start Address = 1 
Cursor End Address = 5 


Figure 9 Cursor Control 
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Character Clock Period Number of Horizontal Displayed Characters 
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Cc if Horizontal Sync Position Number of Horizonte! Total Characters 
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CLK f | 
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Horizontal Display Period ae 
DISPTMG 
HSYNC 
was Oe anes 2 
RA, ~RA, 1 





Raster Period Tr 






ee: UU Gece te SU eweotee a Oca cest U  te 


MaMa XOXO 2 OXI 


KX XYIOOIO 
GESTED ee fee 


RA,~RA, 


Maximum Raster Address 





Line Period Ty 


Th Tad) 


Frame Period Tram 


=-2 se @ 
Vertical Sync Number of Vertical! 
Number of Vertical Displayed Characters Position Total Characters 


Vertical Display Period Nvd -T, 7 
® rt T® 


B 
osemms AM WW TT IMM. eerecat peteace Pevos TAC. 
Nvsp-T 


A . 
See Fig 11 - Tysw See Fig 12 
VSYNC 


Figure 10 CRTC Time Chert 


Output waveform of horizontal & vertical display 
in the case where values shown in Table 8 are 
Programmed to each register. 















/ 


Horizontal Time Chart 


Raster Period 
Tr = (Nht+1)- Te 


Time Chart of Raster 
Line Period 


Line Period 
TL = (Nr4+1)- Tr 


Vertical Time Chart 


Frame Period Tern 
= (Nyytt )- Ty+Tady 


Tad; Fine Adjustment 
Period of Frame 
Tadj = Nadj- Tr 


Tvsw Vertical Sync 
Pulse Width 
Tysw = Nusw Tr 


SS789GH/YS789 0H 


HD6845R/HD6845S 


rr Vertical Display Period Vertical Retrace Period 


RA~RA,) Of tf 27 3f tw foftift273f tN o fi 2 | 3 | 
bine | NN Nvd 
DIsPTMG | slg fags a! a a a am Uae pe 
Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period (Expansion of Fig. 10— © ) 


Vertical Retrace Period Vertical Display Period 
Fine Adjustment Period of 


Frame Period 
Tadj = Nady: Ty 


RA~RA,| OF tf 2 oN Tot PO nat of 2 tN To 2 





i, Ne oN 1/1): ae u 
DISPTMG 


Figure 12 Fine Adjustment Period of Frame in Vertical Display 
(Expansion of Fig. 10— ©) 
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Line 70 Line 714 Line *2 


sei Ce (Ee ME ee Ee Re ee ee ee oe ee ee ee eee ee 


CUDISP if \ 


eee eee 


Figure 14 Relation between Line « Raster and CUDISP 


Nhd+1 Nhd +2 Nhd + Nht Nhd+1 Nhd +2 Nhd + Nht Nhd +1 Nhd+2 Nhd + Nht Nhd +1 Nhd + 2 Nid Not 
ie Wal oNipe Ucn A cee ee Se ee ee ee See 


PO eel Oe rece Ne care a a ee Oe Ne es eal ee eh ee 


CUDISP 
[NOTE} 


Cursor register = Nhd+2 
Cursor Start 
Raster Register = 1 
Cursor End / 
Raster Register = 3 


are Programmed in cursor display mode 


In blink mode, it 1s changed into display or 
non-display mode when field period is 16 or 


i 32- d 
Figure 15 CUDISP Timing (Expansion of Fig, 14. ©) petesone 
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Raster address Horizontal Display Period 
Line number | 


Vertical Display Period 


Vertical Retrace Period 


Nvd-1 





Horizontal Retrace Period 


Nhd+Nht 


Nhd+Nht 
2Nhd+Nht 


2Nhd +Nht 


(Nvd 1) Nhd+Nht 
' 
Nr| (Nvd-1)-Nhd |(Nvd-1) Nhd +1 (Nvd 1) Nhd+Nht 


Nvd Nhd+ 1 Nvd Nhd+Nht 


Nvd Nhd+1 Nvd Nhd+Nht 


Nut -Nhd+1 (Nvt+ 1)Nhd-1! (Nvt+ 1)Nhd Nvt Nhd+Nht 


Nvt -Nhd+1 (Nvt+ 1)Nhd 1] (Nvt+ 1)Nhd Nvt Nhd+Nht 
0 i(Nvt+ 1)-Nhd eee (Nvt+2)Nhd-1 |(Nvt+ 2)-Nhd (Nvt+1)Nhd+Nht 
t 


(Nvt+2)Nhd-1 }(Nvt+ 2) -Nhd (Nvt+1)}Nhd +Nh¢ 


Figure 16 Refresh Memory Address (MAy~MA,3) 


Valid refresh memory address (O~Nvd-Nhd-1) 
are shown within the thick-line square. 

Refresh memory address are provided even 
during horizontal and Vertical retrace period. 
This is an example in the case where the 
programmed value of start address register is 0. 
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@ How to Use the CRTC 


@ interface to MPU 

As shown in Fig. 17, the CRTC is connected with the stand- 
ard bus of MPU to control the data transfer between them. The 
CRTC address is determined by CS and RS, and the Read/Write 
operation is controlled by R/W and E. When CS 1s “Low” 
and RS 1s also “Low”, the CRTC address register 1s selected. 
When CS is ‘“‘Low” and RS is “High”, one of 18 internal regis- 





System ¢, clock 


RES 


Figure 17 


@ Dot Timing Generating Circuit 


ters is selected. 

RES is the system reset signal. When RES becomes “Low”, 
the CRTC internal control logic is reset. But internal registers 
shown in Table 1 (RO~RI17) are not affected by RES and rema- 
in unchanged. 

The CRTC 1s designed so as to provide an interface to micro- 
computers, but adding some external circuits enables an inter- 
face to other data sources. 





Interface to MPU 


of dot counter shown in Fig. 18. As this example shows ex- 


CRTC’s CLK input (21 pin) 1s provided with CLK which 
defines horizontal character time period from the outside. 
This CLK is generated by dot counter shown in Fig. 18. Fig. 
18 shows a example of circuit where horizontal dot number 
of the character 1s “9”. Fig. 19 shows the operation time chart 


plicitly, CLK 1s at “Low” level in the former half of horizontal 
character time and at “High” level in the latter half. It 1s neces- 
sary to be careful so as not to mistake this polarity. 


9-Counter (HD74163) 





LOAD P/S REG—N to P/S SHIFT 


REGISTER 
DOTCP—P 


CHCP—P to CRTC (CLK) 


Figure 18 Example of Dot Counter 
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Q, 


LOAD P/S REG—N 


CHCP—P (CLK) 
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Figure 19 Time Chart of Dot Counter 


® INTERFACE TO DISPLAY CONTROL UNIT 

Fig. 20 shows the interface between the CRTC and display 
control unit. Display control unit is mainly composed of 
Refresh Memory, Character Generator, and Video Control 
circuit. For refresh memory, 14 Memory Address line 
(O~16383) max are provided and for character generator, 5 
Raster Address line (0~31) max are provided. For video control 
circuit, DISPTMG, CUDISP, HSYNC, and VSYNC are sent 
out. DISPTMG is used to control the blank period of video 
signal. CUDISP 1s used as video signal to display the cursor on 
the CRT screen. Moreover, HSYNC and VSYNC are used as 
drive signals respectively for CRT horizontal and vertical deflec- 
tion circuits. 

Outputs from video control circuit, (video signals and sync 
signals) are provided to CRT display unit to control the 
deflection and brightness of CRT, thus characters are displayed 
on the screen. 


Fig. 21 shows detailed block diagram of display control unit. 
This shows how to use CUDISP and DISPTMG. CUDISP and 
DISPTMG should be used being latched at least one time 
at external flip-flop Fl and F2. Flip-flop Fl and F2 function 
to make one-character delay time so as to synchronize them 
with video signal from parallel-serial converter. High-speed 
D type flip-flop as TTL 1s used for this purpose. After being 
delayed at Fl and F2 DISPTMG 1s AND-ed with character 
video signal, and CUDISP is Or-ed with output from AND 
gate. By using this circuitry, blanking of horizontal and vertical 
retrace time is controlled. And cursor video 1s mixed with 
character video signal. 

Fig. 21 shows the example in the case that both refresh 
memory and Character Generator can be accessed for horizontal 
one character time. Time chart for this case 1s shown 1n Fig. 24. 
This method is used when a few character needed to be dis- 
played in horizontal direction on the screen. 
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CUDISP 
HSYNC Video Control 
VSYNC 





Video 
Signals 












Sync 
Signals 





Figure 20 Interface to Display Control Unit 


CUDISP 








DISPTMG 





Refresh 
Memory 






Character 
Generator 


DOT COUNTER 


Figure 21 Display Control Unit (1) 
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When many characters are displayed in horizontal direction 
on the screen, and horizontal one-character time is so short 
that both refresh memory and Character Generator cannot be 
accessed, the circuitry shown in Fig. 22 should be used. In this 
case refresh memory output shall be latched and Character 
Generator shall be accessed at the next cycle. The time chart 
in this case 1s shown in Fig. 25 CUDISP and DISPTMG should 
be provided after being delayed by one-character time by using 
skew bit of interlace & skew register (R8). Moreover, when 


there are some troubles about delay time of MA during hori- 
zontal one-character time on high-speed display operation, 
system shown in Fig. 23 1s adopted. The time chart in this case 
is shown in Fig. 26. Character video signal is delayed for two- 
character time because each MA outputs and refresh memory 
Outputs are latched, and they are made to be in phase with 
CUDISP and DISPTMG by delaying for two-character time. 
Table 10 shows the circuitry selection standard of display units. 


Table 10 Circuitry Standard of Display Control Unit 







RM Access + tuap 2 tcH > RM Access 


tcH CHCP Period, tyyap MA Delay 
RM. Refresh Memory CG Character Generator 





CUDISP 


CHCP-N 


DISPTMG 


CRTC 






Refresh 
Memory 


CLK 


CHCP-P 


Relation among tcy Refresh Memory and Character Generator 


RM Access + CG Access + tuap 2 tcn > RM Access + tuan 


Fix [0] 
mon 
i 












Interlace & Skew Register 
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Figure 22 Display Control Unit (2) 
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Figure 23 Display Control Unit (For high-speed display operation) (3) 
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Figure 24 Time Chart of Display Control Unit (1) 
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Figure 25 Time Chart of Display Control Unit (2) 
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Figure 26 Time Chart of Display Unit (3) 


# HOW TO DECIDE PARAMETERS SET ON THE CRTC 


@ How to Decide Parameters Based on Specification of CRT 
Display Unit (Monitor) 

Number of Horizontal Total Characters 
Horizontal deflection frequency ‘h is given by specification 

of CRT display unit. Number of horizontal total characters 1s 

determined by the following equation. 


fh = ] 


where, 
tc 


tc (Nht + 1) 


: Cycle Time of CLK (Character Clock) 


Nht : Programmed Value of Horizontal Total Register 


(RO) 


Number of Vertical Total Characters 
Vertical deflection frequency is given by specification of 
CRT display unit. Number of vertical Total characters is 


zs + 1)(Nr+ 2). + 2Nad 

ee ED Nee Met ) DS opt insta (a) 
+ 2)+ 2Nad) +1 

Rt= SEL ) io EE EEE (b) 


(a) is applied when both total numbers of vertical characters 
(Nvt + 1) and that of rasters in a line (Nr + 2) are odd. 

(b) is applied when total number of rasters (Nr + 2) 1s even, or 
when (Nr + 2) is odd and total number of vertical characters 
(Nvt + 1) 1s even. 


determined by the following equation. 
1) Non-interlace Mode 
Rt = (Nvt + 1) (Nr + 1) + Nadj 
2) Interlace Sync Mode 
Rt = (Nvt + 1) (Nr + 1) + Nad + 0.5 
3) Interlace Sync & Video Mode 


where, 

Rt Number of Total Rasters per frame 
(Including retrace period) 

Nvt Programmed Value of Vertical Total 
Register (R4) 

Nr Programmed Value of Maximum Raster 
Address Register (R9) 

Nady : Programmed Value of Vertical Total Adjust 


Register (R5) 
Horizontal Sync Pulse Width 


Honzontal sync pulse width 1s programmed to low order 
4-bit of honzontal sync width register (R3) in unit of horizontal 
character time. Programmed value can be selected within from 1 


to 15. 
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Horizontal Sync Position 

As shown in Fig. 27, horizontal sync position is normally 
selected to be in the middle of horizontal retrace period. But 
there are some cases where is optimum sync position is not 
located in the middle of horizontal retrace period according to 
specification of CRT. Therefore, horizontal sync position 
should be determined by specification of CRT. Horizontal sync 
pulse position is programmed in unit of horizontal character 
time. 


eee! 
eon tree ie 
Figure 27 Time Chart of HSYNC 


Vertical Sync Pulse Width 

VerticalsSync Pulse Width is programmed to high order 4-bit 
of vertical sync pulse width register (R3) in unit of raster 
period. Programmed value can be selected within from 1 to 16. 


Vertical Sync Position 

As shown in Fig. 28, vertical sync position is normally 
selected to be in the middle of vertical retrace period. But there 
are some cases where its optimum sync position is not located in 
the middle of vertical retrace period according to specification 
of CRT. Therefore, vertical sync position should be determined 
by specification of CRT. Vertical sync pulse position is pro- 
grammed to vertical sync position register (R7) in unit of line 
period. 


@ How to Decide Parameters Based on Screen Format 
Dot Number of Characters (Horizontal) 

Dot number of characters (horizontal) is determined by 
character font and character space. An example is shown in Fig. 
29. More strictly, dot number of characters (horizontal) N is 
determined by external N-counter. Character space is set by 
means shown in Fig. 30. 

Dot Number of Characters (Vertical) 

Dot number of characters (vertical) is determined by 
characters font and line space. An example is shown in Fig. 29. 
Dot number of characters (vertical) is programmed to maximum 
raster address (R9) of CRTC. 


Vertical Vertical Vertical 
| Display Period | Retrace Period | Display Period | 


sigieal to * 


oa (aa is omer 


VSYNC 





Figure 28 Time Chart of VSYNC 
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.. Horizontal Character 
aracter 
Character Font Space 


Dot Number of 
Vertical Characters 
(Number of Rasters) 


Line 
Space 


Dot Number of Vertical Characters 13 


| Dot Number of Horizontal Characters 10 


7x9 Character generator is used. 


Figure 29 Dot Number of Horizontal and Vertical Characters 
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Shift Register 


Figure 30 How to Make Character Space 


Horizontal Deflection Period (t,,) = Ve 


Horizontal Display Period Horizontal Retrace Period 





Number of Horizontal Displayed Characters 


tc 


— Horizontal Character Time = 


Horizontal Display Period 


Number of Horizontal Displayed Characters 


Figure 31 Number of Horizontal Displayed Characters 


Number of Horizontal Displayed Characters 

Number of horizontal displayed characters is programmed to 
horizontal displayed register (R1) of the CRTC. Programmed 
value is based on screen format. Horizontal display period, 
which is given by specification of horizontal deflection fre- 
quency and horizontal retrace period of CRT display unit, 
determines horizontal character time, being divided by number 
of horizontal displayed characters. Moreover, its cycle time and 
access time which are necessary for CRT display system are 
determined by horizontal character time. 
Number of Vertical Displayed Characters 

Number of vertical displayed characters is programmed to 
vertical displayed register (R6). Programmed value is based on 
screen format. As specification of vertical deflection frequency 
of CRT determines number of total rasters (Rt) including verti- 


A 


cal retrace period and the relation between number of vertical 
displayed character and total number of rasters on a screen is 
as mentioned above, CRT which is suitable for desired screen 
format should be selected. 

For optimum screen format, it is necessary to adjust number 
of rasters per line, number of vertical displayed characters, and 
total adjust raster (Nadj) within specification of vertical 
deflection frequency. 

Scan Mode 

The CRTC can program three-scan modes shown in Table 11 
to interlace mode register (R8). An exampl> of character display 
in each scan mode is shown 1n Fig. 8. 
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Table 11 Program of Scan Mode 






Scan Mode 


Non-interlace 


Interlace Sync 







Main Usage 


Normal Display of Characters 
& Figures 






Fine Display of Characters 





& Figures 
Display of Many Characters 


& Figures Without Using 
High-resolution CRT 





Interlace Sync 
& Video 






[NOTE] In the interlace mode, the number of times per 
sec. in raster scanning on one spot on the screen 
is half as many as that in non-interlace mode. 
Therefore, when persistence of luminescence 1s 
short, flickering may happen. It is necessary to 
select optimum scan mode for the system, taking 
characteristics of CRT, raster scan speed, and 
number of displayed characters and figures into 


account. 


Cursor Display Method 
Cursor start raster register and cursor end raster register 


DOT CLK 
COUNTER s 





OSC 





CRTC 


Cuan 
L—_| 


MULTIPLEXER 


EE 


GENERATOR 


CUDISP 
HSYNC 





(R10, R11) enable programming the display modes shown in 
Table 7 and display patterns shown in Fig. 9, Therefore, it is 
possible to change the method of cursor display dynamically 
according to the system conditions as well as to realize the 
cursor display that meets the system requirements. 
Start Address 

Start address resisters (R12, R13) give an offset to the 
address of refresh memory to read out. This enables paging and 
scrolling easily. 
Cursor Register 

Cursor registers (R14, R15) enable programming the cursor 
display position on the screen. As for cursor address, it is not X, 
Y address but linear address that is programmed. 


® Applications of the CRTC 


@ Monochrome Character Display 

Fig. 32 shows a system of monochrome character display. 
Character clock signal (CLK) is provided to the CRTC through 
OSC and dot counter. It is used as basic clock which drives 
internal control circuits. MPU is connected with the CRTC by 
standard bus and controls the CRTC initialization and read/ 
write of internal registers. 

Refresh memory is composed of RAM which has capacity of 
one frame at least and the data to be displayed is coded and 
stored. The data to refresh memory is changed through MPU 


A,,~A, 


D,~D, 






BUS DRIVER 





REFRESH 
MEMORY 
(RAM) 









CHARACTER 


VIDEO 
SYNC 


VIDEO 
CONTROL SIGNAL 


Figure 32 Monochrome Character Display 
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bus, while refresh memory is read out successively by the CRTC 
to display a static pattern on the screen. Refresh memory is 
accessed by both MPU and the CRTC, so it needs to change its 
address selectively by multiplexer. The CRTC has 14 MA 
(Memory Address output), but in fact some of them that are 
needed are used according to capacity of refresh memory. 

Code output of refresh memory is provided to character 
generator. Character generator generates a dot pattern of a 
specified raster of a specified character in parallel according to 
code output from refresh memory and RA (Raster Address 
output) from the CRTC. Parallel-serial converter is normally 
composed of shift register to convert output of character 
generator into a serial dot pattern. Moreover, DISPTMG, 


OSC COUN- 


CRTC 
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CUDISP, HSYNC, and VSYNC are provided to video control 
circuit. It controls blanking for output of parallel-serial con- 
verter, mixes these signals with cursor video signal, and gene- 
rates sync signals for an interface to monitor. 


@ Color Character Display 

Fig. 33 shows a system of color character display. In this 
example, a 3-bit color control bit (R, G, B) is added to refresh 
memory in parallel with character code and provided to video 
control circuit. Video control circuit controls coloring as well 
as blanking and provides three primary color video signals (R, 
G, B signals) to CRT display device to display characters in 
seven kinds of color on the screen. 





Configuration of the Refresh Memory 


REFRESH 


MEMORY Blink 
(RAM) Color 
High order 
CHARACTER 
| GENERATOR 
| COLOR BIT (R, G, B) 


8 bit Data (1 word) 





Low order 


R. VIDEO 
evo |(_) 
VIDEO CONTROL [e.vioco Fo. 
ae 


SYNC SIGNAL 


Figure 33 Color Character Display 


® Color limited Graphic Display 

Limited graphic display is to display simple figures as well as 
character display by combination of picture element which 
are defined in unit of one character. 

As shown in Fig. 34, graphic pattern generator is set up in 
parallel with character generator and output of these gener- 
ators are wire-ORed. Which generator is accessed depends on 


coded output of refresh memory. 

In this example, graphic pattern generator adopts ROM, so 
only the combination of picture elements which are program- 
med to it is used for this graphic display system. Adopting RAM 
instead of ROM enables dynamically writable symbols in any 
combination on one display by changing the contents of them. 
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Figure 34 Color Limited Graphic Display 
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@ Monochrome Full Graphic Display 

Fig. 35 shows a system of monochrome full graphic display. 
While simple graphic display is figure display by combination of 
picture elements in unit of 1 picture elements, full graphic dis- 
play is display of any figures in unit of 1 dot. In this case, 





DOT | cLk 
OSC COUN- 
TER 


CRTC 


HSYNC 
VSYNC 


a, 


HD6845R/HD6845S 


refresh memory is dot memory that stores all the dot patterns, 
so its output is directly provided to parallel-serial converter to 
be displayed. Dot memory address to refresh the screen is set 
up by combination of MA and RA of CRTC. 


Ais ~Ag 


D,~D, 





BUS DRIVER 
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DOT MEMORY 
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VIDEO 
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VIDEO 


CONTROL 


Figure 35 Monochrome Full Graphic Display 
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Fig. 36 shows an example of access to refresh memory tween dot on the CRT screen and refresh memory address is 
by combination of MA and RA. Fig. 36 shows a refresh memory shown in Fig. 37. 
address method for full graphic display. Correspondence be- 





Refresh Memory 
Address 





Figure 36 Refresh Memory Address Method for Full Graphic Display 


32 Characters x 8 dots = 256 dots 





1 byte (8-bit) 





8 rasters 
(1 tine) 


24 lines 
x 8 rasters 
= 192 rasters 


Value of ma 


Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display 
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@ Color Full Graphic Display their output is provided to three parallel-serial converters. Then 

Fig. 38 shows a system of color full graphic display by 7- video control circuit adds the blanking control to output of 
color display. -Refresh memory is composed of three dot these converters and provides it to CRT display device as red, 
memories which are respectively used for red, green, and blue. green, and blue video signals with sync signals. 


These dot memories are read out in parallel at one time and 






MPU 
DOT 
OSC COUN- 
TER 
RED VIDEO 
are 
vioco fatue (=) 
L 
Cees 
SYNC SIGNAL 
Figure 38 Color Full Graphic Display 
@ Cluster Control of CRT Display circuit separately, but these are controlled together by the 
The CRTC enables cluster control that is to control CRT CRTC. 
display of plural devices by one CRTC. Fig. 39 shows a system In this system, it is possible for plural CRT display devices to 
of cluster control. Each display control unit has refresh memory, have their own display separately. 


character generator, parallel-serial converter, and video control 
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Figure 39 Cluster Control by the CRTC 
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® EXAMPLES OF APPLIED CIRCUIT OF THE CRTC 
Fig. 41 shows an example of application of the CRTC to 
monochrome character display. Its specification 1s shown in 





Table 14. 


Table 12 Specification of Applied Circuit 


Item 
Character Format 
Character Space 
One Character Time 
Number of Displayed Characters 
Access Method to Refresh Memory 
Refresh Memory 


Address Map 


Synchronization Method 


Item 
Scan Mode 
Horizontal! Deflection Frequency 
Vertical Deflection Frequency 
Dot Frequency 


Character Dot (Horizontal x Vertical) 
Number of Displayed Characters (Row x Line) 


HSYNC Width 
VSYNC Width 
Cursor Display 
Paging, Scrolling 
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Specification 
5 x 7 Dot 
Horizontal : 3 Dot Vertical : 5 Dot 
1 us 
40 characters x 16 lines = 640 characters 
Snychronous Method (DISPTMG Read) 


640 8B 

2's 214.913 gi2 gil gio 2? 28 27 96 9s 
Refresh * * * * * 
Memory 9 9 9 0 9D O 
CRTC 
Address 0 0 0 1% 0 0 x x x x x 
Register 
CRTC 
Control O O 0 14 0 0 £ x» x x x 
Register 

x-+-+-don’t care, *---QOor1 
HVSYNC Method 


Table 13 Specification of Character Display 


Specification 
Non-interlace 
15.625 kHz 
60.1 Hz 
8 MHz 


40x 16 
4 us 
3H 


HD6845R/HD6845S 


Table 12. Moreover, specification of CRT display unit is shown 
in Table 13 and initializing values for the CRTC are shown in 


2 DF DP Qt 90 


8 x 12 (Character Font 5 x 7) 


Raster 9~ 10, Blink 16 Field Period 


Not used 
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Table 14 Initializing Values for Character Display 














Ro 3F 
R2 Horizontal Sync Position Nhsp 34 
R5 Vertical Total Adjust Nadj 08 
R6 Vertical Displayed Nvd 10 
R7 13 
R8 interlace & Skew | 00 
Ro 0B 
R10 Cursor Start Raster B, P, NcstTaRT 49 
R11 Cursor End Raster NcEND 0A 
R12 Start Address (H) eee er 00 
R14 Cursor (H) feet al 00 


DWPODUMUMAWN=O 
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Figure 40 Non-interlace Display (Example) 


© HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


Initializing Value 
Hex (Decimal) 


(63) 
(40) 
(52) 


(20) 
( 8) 
(16) 
(19) 


(11) 


(10) 
( 0) 
( 0) 
( 0) 
( 0) 
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DISPTMG REG. 
DISPREAD -N 





cp HO74166 
SROUT -P 4D7400 
a pees cee ee HD7400 
a CURSOROISP-N 7 > VIDEO -P 
caper 
i Hewnie HO7486 
b> HVSYNC -P 
VSYNC R, 510 
1 


Figure 41 Example of Applied Circuit of the CRTC (Monochrome Character Display) 


a : ' . ; : MPU Access (When DISPTMG = ‘Low’’) 
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= DISPLAY SEQUENCE AFTER RES RELEASE OF HD6845S (1) DISPTMG and CUDISP are not output. (They remain at 


HD6845S starts the display operation immediately after the “Low” level. The display is inhibited.) 
release of RES. The operation at the first field is different from (2) The data programmed in the start address register is not 
the normal subsequent display operation. used. (MA and RA start at “0”.) 
[Operation at the first field after the RES release] (3) The sequences are shown in the following figures. 


Display Operation Starts (first field) 


CLK 
RES 

O~ 50ns (RES should be released during this period.) 
a i CD i Se 


Figure 42 RES Release Sequence 





first field 





Normal Operation 








Frame Period 


Adjust Adjust 
Line #0 #1 #Nvsp # Nvt +0 #1 t+ Nvsp tNvt £0 1 t Nvsp tt Nvt £0 t1 + Nvsp 
Adjust 
VSYNC 





Figure 43. RES Release Sequence in The Non-interlace Mode 


Frame 
SSS Freld Even 
| 
xX 


Line #0) =— #1 #Nvsp + Nvt +O 1 % Nvsp t Nvt Dummy #0 +1 t Nvsp + Nvt #0 1 t2 
' f 


Adjust Adjust } Adjust 
VSYNCE 
' 


! t 
VSYNC& i eee ene, ee 


VSYNCE interlace Sync Control 

Interlace Sync & Video Control (Nr+2=Even) 

interlace Sync & Video Control! (Nr+2=Odd, Nvt=Odd, Nvsp=Even) 
VSYNC@ interlace Sync & Video Control (Nr+2=Odd, Nvt=Odd, Nvsp=QOdd) 


Figure 44 RES Release Sequence in The interlace Mode (1) 





first field Normal Operation 








first field 





Normal Operation 


Frame 
Even Field RC aEEaIa Lac: Odd Fietd Even 


( 
#Nvsp +0 $1 + Nvsp 















|}-————even Field 
i] 


Line #0) #1 + Nvsp 





' t 
' 1 
Adjust ; Adjust \ 
i ' 
' | 


VSYNCC | eee 2 eee ee ee Ys oe ee — 
' ' 


VSYNCG _interiace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=Even) 
VSYNCO interlace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=Odd) 


Figure 45 RES Release Sequence in The Interlace Mode (2) 
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@ ANOMALOUS OPERATIONS IN HD6845S CAUSED BY REWRITING REGISTERS DURING THE DISPLAY OPERATION* 





| FO 
R3 


R4 





R5 


R6 



















R7 


R8 





RQ 


R10 


R12 


R13 


R14 


R15 





et 


> 


Horizontal Total The horizontal scan period is disturbed 


Horizontal Displayed 






Rewriting** 
OK or NG 


Anomalous operations caused by rewriting registers & Conditions to avoid 
those operations 











There are some cases where the width of DISPTMG becomes shorter than the 
programmed value at the moment of a rewrite Operation. An error operation 
occurs only during one raster period 








Horizontal 
Sync Position 


There are some cases where HSYNC is placed on the position different from 
the programmed value or the noise ts output 





Syne Width 


Vertical Total 


Vertical Total 
Adjust 


Vertical Displayed 


Vertical Sync 
Position 


Interlace & Skew 


a 





When a rewrite operation ts performed at a ‘‘High”’ level on HSYNC pulse or VSYNC 
Pulse, there are some cases where the width pulse becomes shorter than the 
programmed value at the moment of a rewrite operation 








When a rewrite operation is performed during the last raster period in the line, there ts 
a possibility that the disturbance occurs during the vertical scan period There is no 
problem of a rewrite operation during raster period except this period 












When a rewrite operation is performed in the last character time of the raster period, 
there are some cases where the numbers of Adjust Raster, specified by program, are 
not added. (Only during the adjust raster period) 





After the moment of a rewrite operation, there are some cases where the Display ts 
inhibited However, the display according to the programmed value 1s performed 
from the next field 





L Dynamic Rewrite into scan mode bit and skew bit ts prohibited 


There are some cases where VSYNC ts placed on the position different from the 
programmed value or the noise ts output 





Neither scan mode bit nor skew bit 1s rewritten dynamically 





Maximum Raster 
Address 


Cursor Start Raster 


Cursor End Raster 


Start Address (H) 


Start Address (L) 


Cursor (H) 


Cursor (L) 





The internal operation will be disordered by a rewrite operation 


When a rewrite operation is performed in the last character time of the raster 
period, there are some cases where the jitter occurs on the cursor raster or the cursor 
is not displayed correctly. There is also a possibility that the blink rate becomes 
temporally shorter than usual. 


When a rewrite operation ts performed in the last character time of the raster period, 
there are some cases where the jitter occurs on the cursor raster or the cursor 

is not displayed correctly Moreover, there are also some cases where the blink rate 
becomes temporally shorter than normal operation 


R12 and R13 are used n the last raster period of the field A rewrite operation can 

be performed except during this period However, when R12 and R13 are rewritten in 
each field separately, the display operation, whose start address 1s determined 
temporally by programming sequence, will be performed. 

A rewrite operation should be performed during the horizontal/vertical display 
period, 





When a rewrite operation is performed during the display period, there are some 

cases where the cursor is temporally displayed at the address different from the 
programmed value. A rewrite operation should be performed during the horizontal/ 
vertical retrace period, Also, when R14 and R15 are rewritten tn each field separately, 
the cursor is displayed temporally at the temporal address determined by programming 
sequence 


A 
O 
X 
X 
x 





means temporary abnormal operations in rewriting the internal register during the display operation Normally, after a rewrite operation, 
the LSI performs the specified display operation from the next field 
(The operations in this table are outside our guarantee and are regarded as materials for reference ) 


A rewrite operation is possible without affecting the screen in the display so much. 


If conditions are satisfied, a rewrite operation is possible If conditions are not satisfied, there are some cases where a flicker and 
sO ON occur temporally 


When a rewrite operation ts performed, there are some cases where a flicker and so on occur temporally. 
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HD6845R/HD6845S 


a COMPARISON BETWEEN HD6845S AND HD6845R 
@ Comparison of function between HD6845S and HD6845R 


| No. | Functional Difference HD6845 HD6845S 










1 interlace {Programming |Character line address. 
Sync 
& 
Video Mode 
Display Vertical 
Characters 


tion) 


Example of above figure 


Register = 5 
Number of Only even number can be specified. 
Rasters Per 
Character 
Line 





Number of raster = 10 scan line (specified) 


However, number which is programmed into re- 


gister 1s calculated at follows. 


Programmed number (Nr) 
= (Number specified) - 1 


Cursor 
Display 






me ee ae ee ee tee ae ee ae ee 


mee mee eee ae oe ae ee ee ee ee ee 


PEE EINE | 
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unit for number 





In HD6845, number of characters ts vertically pro- 
grammed in unit of two lines, as illustrated above. 
(Number of vertical total characters, Number of 
vertical displayed characters, Vertical Sync Posi- 


Programmed number into Vertical Displayed 





Number of raster 


Character tine address 


Cursor ts displayed in either EVEN field or ODD 


«—EVEN number 


=—EVEN number 






- +—ODD number 
Pac tc +—ODD number 





Character line address 


















Programming 
unit for number 
of vertical 
characters 






In HO6845S, number of characters ts vertically pro- 
grammed in unit of one line, as illustrated above. 
(Number of vertical total characters, Number of 
ae displayed characters, Vertical Sync Posi- 
tion 














Example of above figure 






















Programmed number into Vertical Displayed 
Register = 10 


Both even number and odd number can be specified 
Character line address Character line address 





SE EP hf IEIS, «| 





When number of raster When number of raster 


per character line is per character line ts 
EVEN. ODD 
Number of raster Number of raster 

= 10 scan line = 9 scan line 


(specified) (specified) 





However, number which ts programmed into register 
is calculated as follows. 

















Programmed number (Nr) 
= (Number specified) -2 


Cursor 1s displayed in both EVEN field and ODD 
field. 


0 

je SS 2 <—EVEN number 

‘3-85 33-5 

6— 0-9-9-8-O— J =—EVEN number 

8—____-_--—_-— 

= eee ee 1 

aS S333: +— ODD number 
--6-9- --5 +—ODD number 

Ce 5 

8—__--__-_ 

een 1 

2- 7m = 4 =—EVEN number 

4 

6. —&)- ©-@---5 «—QODD number 

i cerca 


(to be continued) 





HD6845R/HD6845S 













No. Functional Difference HD6845R HD6845S 














Fixed at 16 raster scan cycle (16H) 


Fixed at 16 s 
scan cycle 


VSYNC | | 








Programmable (1 ~ 16 raster scan cycle) 


Specified by 

high order 

4 bit of R3 
VSYNC 


Attached bits 


SS 
n3 CM TT) n2 (elecee] TOT 
Seay, aa 
Not used Horizontal Sync Width 


Vertical Sync 
Pulse Width 


(VSYNC output) 













Vertical Syne —- Horizontal Sync 
Width Width 








3 SKEW Function SKEW function is newly included in DISPTMG, 


CUDISP signals 


Not included 














Attached byte 


R8 [C:|Co 0: |OYYY V| S | 


CUDISP DISPTMG 





ee 


Not used 





Example of DISPTMG output 
_J ~~ +1LH_Not skewed 


One character skew 


Two character skew 
1 character time 


2 character time 














Impossible to READ Possible to READ 









Start Address Register 
















RESET Signal (RES) MA, ~ MA,; Output MA, ~ MAis3 eed, 
RA° ~ RA, Output [ °C PYTEHTONOUS reset RAy ~ RA, Output . Asynchronous reset 
Other Outputs . . . Asynchronous reset Other Outputs J 





Output signals of MAy ~ MA,3, RAo ~ RA,« and 
others go to ‘‘Low” ievel immediately after RES 
has gone to ‘‘Low” level. 


Output signals of MAy ~ MA;3, RAy ~ RAg, 
synchronizing with DLK ‘‘Low’”’ level, go to 
‘‘Low” level, after RES has gone to ‘‘Low”’ 
Other outputs go to “Low” immediately after 
RES has gone to ‘‘Low”’ level 









s COMPATIBILITY OF HD6845S AND HD6845R re hee ia direction need to 
Non-interlace mode control ; ; e changed. 
} Fully compatible with HD6845R* * The functions added to HD68455S utilize undefined bits of the 

Interlace sync mode control ) HD6845R can be directly replaced Control Register in HD6845R. If “0” is programmed to the 

by HD6845S in these modes. undefined bits in the initial set, it is possible to replace 
Interlace sync & Video mode control. HD6845R with HD6845S without changing the parameters. 

Not compatible with HD6845R Note) The restriction on programming of HD6845S and HD6845R 

in regard to programming and should be taken into consideration. 
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HD6350, HD6850 


Asynchronous Communications 
Interface Adapter (CMOS) (NMOS) 


The HD6350/HD6850 Asynchronous Communications Inter- 
face Adapter provides the data formatting and control to 
interface serial asynchronous data communications information 
to bus organized systems such as the HMCS6800 Micro-process- 
ing Unit. 

The bus interface of the HD6350/HD6850 includes select, 
enable, read/write, interrupt and bus interface logic to allow 
data transfer over an 8-bit bi-directional data bus. The parallel 
data of the bus system is serially transmitted and received by 
the asynchronous data interface with proper formatting and 
error checking. 

The functional configuration of the ACIA is programmed (DP-24) 
via the data bus during system initialization. A programmable 
Control Register provides variable word lengths, clock division 
ratios, transmit control, receive control, and interrupt control. 
For peripheral or modern operation three control lines are ® PIN ARRANGEMENT 
provided. 


HD6350P, HD6850P 





FEATURES 

Serial/Parallel Conversion of Data 

@ Eight and Nine-bit Transmission 

@ Optional Even and Odd Parity 

e@ Parity, Overrun and Framing Error Checking 

@ Peripheral/Modem Control Functions (Clear to Send CTS, 
Request to Send RTS, Data Carrier Detect DCD) 





@ Optional 1,+ 16, and: 64 Clock Modes 

® One-or Two-Stop Bit Operation 

@® Double Buffered 

— HD6350 — 

@ Low-Power, High-Speed, High-Density CMOS 

@ Compatible with NMOS ACIA (HD6850) 

@ Wide Range Operating Voltage (Voc = 5V +10%) 

@ Upto 1Mbps Transmission 

— HD6850 — 

@ Compatible with MC6850 and MC68A50 (Top View) 


e@ Up to 500Kbps Transmission 


TYPE OF PRODUCTS 






HD6350 
HD63A50 
HD63B50 
HD6850 
HD68A50 












@ Flat Package in Development for HD6350 
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® BLOCK DIAGRAM 


Tx CLK 4 ad 
3 14 






R/W i 3 Transmit Transmit 
et hela Fe 
cs 2 Register 
24 CTS 
Oo 22 
0; 21 
0: 20 7 ind 
Ds 19 BtoB 
Os 18 si 
Os 17 
De 16 on 
Dy 15 
Veco =Pin 12 
a al 2 Rx Date 
Ax CLK 3 


= ABSOLUTE MAXIMUM PATINGS 


Value 


[Hpesso_| Hoesso_|U"" 
Supply Voltage Vec™ ~0.3 ~+7,0 | -0.3~+7.0 | V 


Input Voltage Vin* —~0.3 ~+7.0 | -0.3~+7.0] V 


Maximum Output Current* * mA 


Operating Temperature Topr —20 ~+75 | —20 ~+75 =c 
Storage Temperature Tstg —55 ~+150| -55 ~+150] °C 


* With respect to Veg (SYSTEM GND) 
** Maximum output current is the maximum current which can flow out from one 
output terminal or 1/O common terminal (Dg ~D7, RTS, Tx Data, IRQ). 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal 
operation should be under recommended operating conditions. If these 
conditions are exceeded, it could affect reliability of LSI. 


Item Symbol 


ade 
cM 


™ RECOMMENDED OPERATING CONDITIONS 


ian symbol Unit 
Supply Voltage | Veo" | 4.5 [5.0 | 5.5 |4.75|5.0 | 
Input ‘‘Low” Voltage Fe vict [o |— | 08 |-03| 


| Do~Dz, RS, Tx CLK, DCD, CTS 
Input “High” | Ry Data Vue Vec 
Voltage mae aa IH 

9 CS, CS, CS, R/W, E, Rx CLK | 2.2} — | Vee | 
Se Ce Pals Be 


* With respect to Vg. (SYSTEM GND) 


Emer 

5.25] V 
f= [as 
|| 9 


| 25 | 78 °C 
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m ELECTRICAL CHARACTERISTICS 


HD6350/HD6850 


® DC CHARACTERISTICS (HD6350; Vcc = SV +10%, HD6850; Voc = 5V +5%, Vss = OV, Ta = -20 ~+75°C, unless otherwise noted.) 


Item Symbol | Test Condition | Condition 


Do~ D7, RS, Tx CLK, 
Deco, CTS, Rx Data 


Input ‘High’ Voltage 
CSp, C52, CS;, R/W, E 
Rx CLK 


Input ‘‘Low” Voltate All Inputs 


Input Leakage Current | R/W, CSo, CS;, CS, E accor 


Output “‘High’’ Voitage 


Tx Data, RTS 





Output ‘‘Low’’ Voltage | All Outputs 





ca ce eae he ete 
Three-State (Off State) 
merstvoe' [oso [mu [vara acc 
one oma | as 
o~ Dy 
loHS~10HA | Veo-0-1] — | - 
lon = ~400uA a ee | lon © -100uA, Enable 


[maw [Fe Goran” [in [wot [ae 


Vin = 0.4~ 24V |= [10 | wa 
lon = —205uA, Enable 
Pulse Width < 25us 








| — | Pulse Width aS 25us 


L = 1.6mA, Enable 
OL. Width < 25us 


Output Leakage Current] ; 


Vin = OV, Ta = 28°C, 
f = 1,0 MHz 


ee be Tx CLK, Rx CLK, 


Input Capacitance 
RM, RS, RX Data, CSo, 


eee cree Somers 


CS2_, CTS, DCD 


cS 
, RTS, Tx Data Vin = OV, Ta = 28°C, 


@ Under transmitting and 
Receiving operation 

© 500 kbps 

®@ Data bus in R/W 
operation 















© Chip is not selected. 
e 500 kbps 
@ Under non transmitting 
and receiving operation 
@ Input level (Except E) 
Vik min = Vee—-0.8V 
ViL max = 0.8V, 


. Ta = 25° C, Veco = 5,0V 


Supply Current 


Power Dissipation 


© HITACHI 


ee 


co ie Ta = 25°C, 
f = 1.0 MHz 


in = OV, Tg = 25°C 
f= 1.0 MHz 
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HD6350/HD6850 


® AC CHARACTERISTICS (HD6350; Vec= 5.0V +10%, HD6850; Voc = 5V +5%, Vss = OV, Ta = —20~+75°C, unless otherwise noted.) 
1. TIMING OF DATA TRANSMISSION 


HD6850 
Test | HD6350_| HD63A50_ | ~~ HD63B50 JHD6BASO__| nit 
Condition [min [max | min_] 


item Symbol 


+1 Mode 
+16,+64 Modes 


ns 


PWeL ns 


Minimum Clock Pulse 


ven 1 Mode ns 


I 
o 
i 
§ 
= 
Q 
a. 
2 


0 
oO 


ns 


2 
se 


~~ 
3 | 8] 3 
°o 


Clock Frequency kHz 


<= 


+ 16, +64 Modes 


Clock-to-Data Delay for Transmitter trop | Figs | - | 
Receive Data Setup Time tRpsu | Fig. 4 | 250 | 
Receive Data Hold Time |-+1 Mode | Fig. 5 | 250 
TRG Release Time tir | ewe | - | 
“RTS Delay Time tats | Fin6 | - | 
Siete Tm YL tee | = | t00 


* 


ns 


ns 


4 
= 
ie] 
Qo 
is] 
~h 
oO 


oO ~ 
> ai 


ns 


ns 


ns 


ns 


co} 
oOo 


2. BUS TIMING CHARACTERISTICS 


1) READ 
Item Symbol Test npeenee 


Enable Cyole Time = 
Enable “High” Pulse Width | Fig. 7 | 450 | 
Enable “Low’’ Pulse Width | PWe,. | Fig. 7 | 430, 


Setup Time, Address and R/W Valid 


to Enable Positive Transition ‘AS | Fig. 7 ee | | eo 
oD Ts Foon | re? [= [oo [— 


= 
Oo 
Oo 
Ww 
iss) 
qa 
oO 
x 
oO 
o>] 
oO 
ol 
o 
Oo 
0) 


Unit 


s 
a 


ns 


ns 


ns 


ns 
Data Hold Time 


Address Hold Time taH | 10 
Rise and Fall Time for Enable Input ter, tes | Fig? | - | 25] - | 


2) WRITE 
H 
ical Sis HD6350 | HD63A50 | HD63B50 
Enable Cycle Time 


Enable “High’’ Pulse Width /PWen | Fio.8 |450_ 
Enable “Low” Pulse Width /PWer | Fig.8 | 430 | 
Setup Time, Address and RW Valid t | Fie | 20 | 
to Enable Positive Transition AS : 

Data Setup Time 


Rise and Fall Time for Enable Input tey, ters 


ns 


ns 


ns 


< <= 
@ os) 
& | mi 
o o 


1 


6 : 
Unit 


ie) 
m 
al 
r=) 
fee] 
—_ 
Hi 
=| 
a 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


=< 
Oo 
f°) 
| © 


NO 
o oO 


nv 
eS 
6 
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HD6350/HD6850 


PWeL Tx CLK ViH min 
or 
hs CLK Rx CLK 
Rx CLK 0.8V PWenH 


Figure 1 Clock Pulse Width, “Low” State Figure 2 Clock Pulse Width, “High” State 
Rx Data 


Rx CLK 





Figure 3 Transmit Data Output Delay Figure 4 Receive Data Setup Time (+1 Mode) 





* (1) IRQ Release Time applied to Rx Data Register read operation. 
Rx Data 2.0V (2) IRQ Release Time applied to Tx Data Register write operation. 
(3) RG Release Time applied to control Register write TIE = 0, 
RIE = 0 operation. 


Figure 5 Receive Data Hold Time (+1 Mode) ** TRO Release Time applied to Rx Data Register read operation 
right after read status register, when IRQ is asserted by DCD 
rising edge. 

*** 2 AV for HD6850. 


(Note) Note that followings take place when IRQ is asserted by the 
detection of transmit data register empty status. IRQ is 
released to “High’’ asynchronously with E signal when 
CTS goes “‘High’’. (Refer to Figure 14) 


Figure 6 RTS Delay and [RO Release Time 


teycE 


PWenH PWeL 


tas 
Enable ay te 
ia ter 
A 


tH 
Vece— 2.0V 
Data Bus aa Ss 


Figure 7 Bus Read Timing Characteristics 
(Read information from ACIA) 


H 
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teycE 
PWew 
7 PWer 
Enable IHmin ki 0.8V 
ter — ter 
tas ++ tosw 


RS,cs,RiW XM Hy ae: | 
taH 
Data Bus ray 


tH 
Figure 8 Bus Write Timing Character istics 
(Write information into ACIA) 









Load A Load B Bou 
(D,~D,, RTS, Tx Data) nV AN GC! (IRQ Only) 
RL= 2.4k2 3k2 
Test Point Test point 
100pF 
/ 
C = 130pF for 0,~D, 
= 30pF for RTS and Tx Data * HD6840 
R*= 10kQ for Dy ~ Dz, RTS and Tx Data R = 11kQ for Dp ~D7 
All diodes are-1$2074@ or Equivalent. = 24k9 for RTS and Tx Data. 
Figure 9 Bus Timing Test Loads 
r r T T - TT “T 

| | | | | | | | | 

| | | | | | 

| | | | | | | | | 

DATA BITS 
BIT TIME 9.09 
msec 
D, D, D, D, D, D, PARITY STOP STOP 
BIT BIT BIT 


CHARACTER TIME @ 10 CPS (11 BITS) 
100 msec 





Figure 10 110 Baud Serial ASCII Data Timing 
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MARKING 

















poate pe ee aD GS ee Tinea f) peeasatas \ cman Eh FE Gate are oD 

| | | | | | | | 

| | l l | | | | | 

| | | | | I | | | 
SPACING eee! Gatien (ene eY Sea es (MON Perea a meme! OM cae a 

DATA BITS 
BIT TIME 
(SEE TABLE 
BELOW) 
START D, D, D0, D, D, D, D, PARITY STOP 
BIT BIT BIT 
CHARACTER TIME @ 15 & 30 CPS (10 BITS) 
(SEE TABLE BELOW) 
BAUD RATE 
CHARACTERS/SEC 
BIT TIME (msec) 
BIT TIME = ——SEC _ 
CHARACTER TIME (msec) BAUD RATE 
Figure 11 150 & 300 Baud Serial ASCII Data Timing 
MARK 


SPACE 






i 
PARITY | STOP | STOP 


Figure 12 Send a 7 Bit ASCII Char. ‘’H” Even Parity 
— 2 Stop Bits H = 48,, = 1001000, 


® DATA OF ACIA 

ACIA is an interface adappter which controls transmission 
and reception of Asynchronous serial data. Some examples of 
serial data are shown in Figs. 10 ~ 12. 


@ INTERNAL STRUCTURE OF ACIA 

ACIA provides the following; 8-bit Bi-directional Data 
Buses (Dp ~ D-), Receive Data Input (Rx Data), Transmit 
Data Output (Tx Data), three Chip Selects (CS), CS; , CS), 
Register Select Input (RS), Two Control Input (Read/Write: 
R/W, Enable: E), Interrupt Request Output(IRQ), Clear-to- 
Send (CTS) to control the modem, Request-to-Send (RTS), 
Data Carrier Detect(DCD) and Clock Inputs(Tx CLK, Rx CLK) 
used for synchronization of received and transmitted data. This 
ACIA also provides four registers; Status Register, Control 
Register, Receive Register and Transmit Register. 

24-pin dual-in-line type package is used for the ACIA. Inter- 
nal Structure of ACIA is illustrated in Fig. 13. 


# ACIA OPERATION 
@ Master Reset 

ACIA has an internal master reset function controlled 
by software, since it has no hardware reset pin. Bit 0 and 
bit 1 of control register should be set to “11” to execute 
master reset, also bit 5 and bit 6 should be programmed to 
get predetermined RTS output accordingly. To release the 
master reset, the data other than “11” should be written 
into bit 0, bit 1 of the control register. When the master 
reset is released, the control register needs to be programmed 
to get predetermined options such as clock divider ratios, 
word length, one or two stop bits, parity(even, old, or none), 
etc. 

It may happen that “Low” level output is provided in 
IRQ pin during the time after power-on till master reset. 
In the systemusing ACIA, interrupt mask bit of MPU should 
be released after the master reset of ACIA. (MPU interrupt 
should be prohibited until MPU program completes the master 
reset of ACIA.) Transmit Data Register (TDR) and Receive 
Data Register (RDR) can not be reset by master reset. 
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HD6350/HD6850 


Vss 
(GNO) 


Vee 
(+5) 


LINES (PARALLEL 
TO SERIAL CONVERTER) 




















DATA 
LINES 
TO 
OR 
FROM 
MPU 
| 
| 
| TO MPU DATA LINES 
| (SERIAL TO 
PARALLEL 
| CONVERTER) 
| 
. RxCLK 
| READ SERIAL DATA IN Rx Data | 
l ONLY , 
TaGER RECEIVE DATA REGISTER (ROR) : 
a af CTs cs, cs, 5, OCD ATS | 
ved READ ree etcaa ne 
RECEIVE ae ) * 
CLOCK WHITE SEND SENG 
FROM SIGNAL 
MPU FROM 
TRANSMIT (ao) MODEM CHIP SELECT mgpEN 
Rupe REGISTER puoM ve DATA 
SELECT ace CARRIER 
FROM DETECT 
MPU ROM 
ADORESS MODEM 
LINE 


Figure 13 Internal Structure of ACIA 


@ Transmit 

A typical transmitting sequence consists of reading the ACIA 
Status Register either as a result of an interrupt or in the 
ACIA’s turn in a polling sequence. A character may be written 
into the Transmit Data Register if the status read operation has 
indicated that the Transmit Data Register is empty. This 
character is transferred to a Shift Register where it is serialized 
and transmitted from the Transmit Data output preceded by a 
start bit and followed by one or two stop bits. Internal parity 
(odd or even) can be optionally added to the character and will 
occur between the last data bit and the first stop bit. After the 
first character is written in the Data Register, the Status 
Register can be read again to check for a Transmit Data Register 
Empty condition and current peripheral status. If the register is 
empty, another character can be loaded for transmission even 
though the first character is in the process of being transmitted 
(because of double buffering). The second character will be 
automatically transferred into the Shift Register when the first 
character transmission is completed. This sequence continues 
until all the characters have been transmitted. 


@ Receive 

Data is received from a peripheral by means of the Receive 
Data input. A divide-by-one clock ratio is provided for an 
externally synchronized clock (to its data) while the divide-by- 
16 and 64 ratios are provided for internal synchronization. Bit 
synchronization in the divide-by-16 and 64 modes is initiated by 


the detection of the leading mark-space transition of the start 
bit. False start bit delection capability insures that a full half bit 
of a start bit has been received before the internal clock is 
synchronized to the bit time. As a character is being received, 
parity (odd or even) will be checked and the error indication 
will be available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine if a 
character has been received from a peripheral. If the Receiver 
Daia Register is full, the character is placed on the 8-bit ACIA 
bus when a Read Data command is received from the MPU. 
When parity has been selected for an 8-bit word (7 bits plus 
parity), the receiver strip the parity bit (D,=“‘0”) so that data 
alone is transferred to the MPU. This feature reduces MPU 
programming. The Status Register can continue to be read again 
to determine when another character is available in the Receive 
Data Register. The receiver is also double buffered so that a 
character can be read from the data register as another character 
is being received in the Shift register. The above sequence con- 
tinues until all characters have been received. 


® ACIA INTERNAL REGISTERS 

The ACIA provides four registers; Transmit Data Register 
(TDR), Receive Data Register(RDR), Control Register(CR) and 
Status Register(SR). The content of each of the registers is 
summarized in Table I. 
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HD6350/HD6850 


Table 1 Definition of ACIA Register Contents 


Sean 
Butter RS=1 - R/W=0 


Address 





RS=1° R/W=1 RS=0 - R/W=0 
Transmit Data Receiver Data . 


RS=0 + R/W=1 


Status Register 


i Onivi [Raa a 
ci 
, es 
ovat 
“ra 
’ mwa 


* Leading bit = LSB = Bit 0 
** Data bit will be zero in 7-bit plus parity modes. 
*** Data bit is ‘‘don’t care” in 7-bit plus parity modes. 
#eee 7... “High” level, 0... “Low” level 


© Transmit Data Register (TDR) 

Data is written in the Transmit Data Register during the 
negative transition of_the enable (E) when the ACIA has been 
addressed and RS~- R/W is selected. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go “0”. Data can then be transmitted. If the 
transmitter is idling and no character is being transmitted, then 
the transfer will take place within 2 bit time + several E cycles 
of the trailing edge of the Write command. If a character is 
being transmitted, the new data character will commence as 
soon as the previous character is complete. The transfer of 
data causes the Transmit Data Register Empty (TDRE) bit to 
indicate empty. 


@ Receive Data Register (RDR) 

Data is automatically transferred to the empty Receive Data 
Register (RDR) from the receiver deserializer (a shift register) 
upon receiving a complete character. This event causes the 
Receive Data Register Full bit (RDRF) on the status buffer to 
go “1” (full). Data may then be read through the bus by ad- 
dressing the ACIA and R/W “High” when the ACIA is enabled. 
The non-destructive read cycle causes the RDRF bit to be 
cleared to empty although the data is retained in the RDR. The 
status is maintained by RDRF as to whether or not the data 
is current. When the Receive Data Register is full, the automatic 
transfer of data from the Receiver Shift Register to the Data 
Register is inhibited and the RDR contents remain valid with its 
current status stored in the Status Register. 


@ Control Register 
The ACIA Control Register consists of eight bits of write- 
only buffer that are selected when RS and R/W are “Low”. This 


register controls the functicn of the receiver, transmitter, 
interrupt enables, and the Request-to-Send (RTS) peripheral/ 
modem control output. 


Counter Divide Select Bits (CRO and CR1) 

The Counter Divide Select Bits (CRO and CR1) determine 
the divide ratios utilized in both the transmitter and receiver 
section of the ACIA. Additionally, these bits are used to provide 
a master reset for the ACIA which clears the Status Register 
(except for external conditions on CTS and DCD) and initializes 
both the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a power 
fail/restart, these bits must be set “1” to reset the ACIA. After 
resetting, the clock divide ratio may be selected. These counter 
select bits provide for the following clock divide ratios: 


Table 2 Function of Counter Devide Select Bit 








Function 





=a = © © 


Master Reset 





Word Select Bits (CR2, CR3, and CR4) 
The Word Select bits are used to select word length, parity, 
and the number of stop bits. The encoding format is as follows: 
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Table 3 Function of Word Select Bit 


0 0 








Function 
7 Bits + Even Parity + 2 Stop Bits 
7 Bits + Odd Parity + 2 Stop Bits 
7 Bits + Even Parity + 1 Stop Bit 
7 Bits + Odd Parity + 1 Stop Bit 
8 Bits + 2 Stop Bits 

8 Bits + 1 Stop Bit 

8 Bits + Even Parity + 1 Stop Bit 
8 Bits + Odd Parity + 1 Stop Bit 










= = = =-=§ © © ©O 


Word length, Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 


Transmitter Control Bits (CR5 and CR6) 

Two Transmitter Control bits provide for the control of 
the interrupt from the Transmit Data Register Empty condition, 
the Request-to-Send (RTS) output, and the transmission of a 
Break level (space). The following encoding format is used: 


Table 4 Function of Transmitter Control-Bit 





Function 





ee 


0 TS ="Low”, Transmitting Interrupt Disabled. 
0 RTS =“‘Low”, Transmitting Interrupt Enabled. 
1 RTS =“High”, Transmitting Interrupt 

Disabled. 
1 RTS = “Low”, Transmits a Break level on 


the Transmit Data Output. 
Transmitting Interrupt Disabled. 


Receive Interrupt Enable Bit (CR7) 

The following interrupts will be enabled by a “1” in bit 
position 7 of the Control Register (CR7): Receive Data 
Register Full, Overrun, or a “Low” to “High” transistion on the 
Data Carrier Detect (DCD) signal line. 


RORF Flag RIE 
Internal RORF Flag 
Hacer OVRN Fiag ina 
OCO Flag 
Internal TORE Flag 
Transmitter 
TIE 
CTs Input TORE Flag 


Figure 14 IRQ Internal Circuit 











® Status Register 

Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is “Low” and R/W is “High”. 
Information stored in this register indicates the status of the 
Transmit Data Register, the Receive Data Register and error 
logic, and the peripheral/modem status inputs of the ACIA. | 


Receive Data Register Full (RDRF), Bit 0 

RDRF indicates that received data has been transferred to 
the Receive Data Register. RDRF is cleared after an MPU read 
of the Receive Data Register or by a master reset. The cleared or 
empty state indicates that the contents of the Receive Data 
Register are not current. Data Carrier Detect (DCD) being 
“High” also causes RDRF to indicate empty. 


Transmit Data Register Empty (TDRE), Bit 1 

The Transmit Data Register Empty bit being set 
indicates that the Transmit Data Register contents have been 
transferred and that new data may be entered. The “‘O” state 
indicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 


a Vide 


Data Carrier Detect (DCD), Bit 2 

The DCD bit will be “1” when the DCD input from a modem 
has gone “High” to indicate that a carrier is not present. This bit 
going “1” causes an Interrupt Request to be generated when the 
Receive Interrupt Enable is set. It remains “1” after the DCD 
input is returned “Low” until cleared by first reading the Status 
Register and then the Data Register or until a master reset 
occurs. If the DCD input remains “High” after read status and 
read data or master reset has occurred, the interrupt is cleared, 
the DCD status bit remains “1” and will follow the DCD input. 


Clear-to-Send (CTS), Bit 3 

The CTS bit indicates the state of the CTS input from a 
modem. A “Low” CTS input indicates that there is a CTS from 
the modem. In the “High” state, the Transmit Data Register 
Empty bit is inhibited and the CTS status bit will be “1”. 
Master reset does not affect the Clear-to-Send Status bit. 





Framing Error (FE), Bit 4 

FE flag indicates that the received character is improperly 
framed by a start and a stop bit and is detected by the absence 
of the Ist stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. The FE flag is set or 
reset during the receive data transfer time. Therefore, this error 
indicator is present throughout the time that the associated 
character is available. 


Receiver Overrun (OVRN), Bit 5 

Overrun is an error flag that indicates that one or more 
characters in the data stream were lost. That is, a character or a 
number of characters were received but not read from the 
Receive Data Register (RDR) prior to subsequent characters 
being received. The overrun condition begins at the midpoint of 
the last bit of the second character received in succession 
without a read of the RDR having occurred. The overrun does 
not occur in the Status Register until the valid character prior to 
Overrun has been read. The RDRF bit remains set until the 
Overrun is reset. Character synchronization is maintained during 
the Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a Master 
Reset. 


@ HITACHI 
190 Hitachi America Ltd. ¢ 2210 O’Toole Avenue e San Jose, CA 95131 © (408) 435-8300 


Parity Error (PE), Bit 6 

The PE flag indicates that the number of “‘1’’s (highs) in the 
character does not agree with the preselected odd or even 
parity. Odd parity is defined to be when the total number of 
ones is odd. The parity error indication will be present as long as 
the data character is in the RDR. If no parity is selected, then 
both the transmitter parity generator output and the receiver 
parity check results are inhibited. 


Interrupt Request (!RQ), Bit 7 

The IRQ bit indicates the state of the IRQ output. Any 
interrupt condition with its applicable enable will be indicated 
in this status bit. Anytime the IRQ output is “Low” the IRQ bit 
will be “1” to indicate the interrupt or service request status. 
IRQ is cleared by a read operation to the Receive Data Register 
or a write operation to the Transmit Data Register. (Refer to 
Figure 14.) 


@® SIGNAL FUNCTIONS 
@ Interface Signal for MPU 


Bi-Directional Data Bus (Dy ~D-;) 

The bi-directional data bus (Do~D-,) allow for data transfer 
between the ACIA and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance (off) 
state except when the MPU performs an ACIA read operation. 


Enable (E) 

The Enable signal, E, is a high impedance TTL compatible 
input that enables the bus input/output data buffers and clocks 
data to and from the ACIA. This signal will normally be a 
derivative of the HMCS6800 ¢2 Clock. The ACIA accepts both 
continuous pulse signal and strobe type signal as Enable input. 


Read/Write (R/W) 

The R/W line is a high impedance input that is TTL 
compatible and is used to control the direction of data flow 
through the ACIA’s input/output data bus interface. When R/W 
is “High” (MPU Read cycle), ACIA output drivers are turned on 
and a selected register is read. When it is “Low”, the ACIA 
output drivers are turned off and the MPU writes into a selected 
register. Therefore, the R/W signal is used to select read-only or 
write-only registers within the ACIA. 


Chip Select (CSo, CS, , CS;) 

These three high impedance TTL compatible input lines are 
used to address the ACIA. The ACIA is selected when CS and 
CS, are “High” and CS, is “Low’’. Transfers of data to and 
from the ACIA are then performed under the control of the 
Enable signal, Read/Write, and Register Select. 


Register Select (RS) 

The RS line is a high impedance input that is TTL 
compatible. A “High” level is used to select the Transmit/ 
Receive Data Registers and a “Low” level the Control/Status 
Registers. The R/W signal line is used in conjunction with 
Register Select to select the read-only or write-only register in 
each register pair. 


Interrupt Request (IRQ) 

IRQ is a TTL compatible, open-drain (no internal pullup), 
active “Low” output that is used to interrupt the MPU. The 
IRQ output remains “Low” as long as the cause of the interrupt 
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is present and the appropriate interrupt enable within the ACIA 
is set. 


Clock Inputs 

Separate high impedance TTL compatible inputs are pro- 
vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16 or 64 times the data rate may be selected. 


Transmit Clock (Tx CLK) 

The Tx CLK input is used for the clocking of transmitted 
data. The transmitter initiates data on the negative transition of 
the clock. 


Receive Clock (Rx CLK) 

The Rx CLK input is used for synchronization of received 
data. (In the + 1 mode, the clock and data must be 
synchronized externally.) The receiver samples the data on the 
positive transition of the clock. 


e Serial input/Output Lines 


Receive Data (Rx Data) 

The Rx Data line is a high impedance TTL compatible input 
through which data is received in a serial format. Synchroniza- 
tion with a clock for detection of data is accomplished internal- 
ly when clock rates of 16 or 64 times the bit rate are used. Data 
rates are in the range of O to SOO kbps when external 
synchronization is utilized. 


Transmit Data (Tx Data) 

The Tx Data output line transfers serial data to a modem or 
other peripheral. Data rates in the range of 0 to 500 kbps when 
external synchronization is utilized. 


Modem Control 

The ACIA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
CTS, RTS and DCD. 


Clear-to-Send (CTS) 

This high impedance TTL compatible input provides auto- 
matic control of the transmitting end of a communications link 
via the modem CTS active “Low” output by inhibiting the 
Transmit Data Register Empty (TDRE) status bit. (Refer to 
Figure 15.) 


Request-to-Send (RTS) 

The RTS output enables the MPU to control a peripheral or 
modem via the data bus. The RTS output corresponds to the 
state of the Control Register bits CRS and CR6. When CR6=0 
or both CRS and CR6=1, the RTS output is “Low” (the active 
state). This output can also be used for Data Terminal Ready 
(DTR). (Refer to Figure 15.) 


@ HITACHI 


Hitachi America Ltd ¢ 2210 O’Toole Avenue e San Jose, CA 95131 © (408) 435-8300 191 





HD6350/HD6850 


Tx Data 
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Status Register 
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Transmit operation is not disabled, even if CTS goes “High”’. 


Figure 15 RTS and CTS Timing Chart (Example of 2 bytes transmission) 


Data Carrier Detect (DCD) 

DCD is the input signal corresponding to the “carrier 
detect” signal which shows carrier detect of modem. 

DCD signal is used to control the receiving operation. When 
DCD input goes “High”, ACIA stops all the receiving operation 
and sets receiving part in reset status. It means that receive 
shift register stops shifting, error detection circuit and syn- 
chro: ‘zation circuit of receive clock are reset. When DCD is 
in “High” level, the receiving part of ACIA is kept in initial 


| 


1s) 


CD input 


DCD flag 


Status Register Read 


Rx Data Register Read 


status and the operation in the receiving part is prohibited. 
When DCD goes “Low”, the receiving part is allowed to 
receive data. In this case, the following process is needed to 
reset DCD flag and restarts the receive operation. (Refer to 
Figure 16.) 

(1) Return DCD input from “High” to “Low”. 

(2) Read status register. (DCD flag = “1”’) 

(3) Read receive data register (Uncertain data will be read.) 


wD N 
TRO , 
(RIE = 1") 


4 


All the receiving operation aré prohibited and ACIA is stopped 


in this period. 


Figure 16 DCD Flag Timing Chart 


@ Note for Use (HD6350 ohly) 
Input Signal, which is not necessary for user’s application, 
should be used fixed to “High” or “Low” level. This is 


applicable to the following signal pins. 
Rx Data, Rx CLK, Tx CLK, CTS, DCD 
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HD6852, HD68A52 
SSDA (Synchronous Serial Data Adapter) 


The HD6852 Synchronous Serial Data Adapter provides a 
bi-directional serial interface for synchronous data information 
interchange. It contains interface logic for simultaneously 
transmitting and receiving standard synchronous communica- 
tions characters in bus organized systems such as the 
HMCS6800 Microprocessor systems. 

The bus interface of the HD6852 includes select, enable, 
read/write, interrupt, and bus interface logic to allow data 
transfer over an 8-bit bi-directional data bus. The parallel data 
of the bus system is serially transmitted and received by the 
synchronous data interface with synchronization, fill character 
insertion/deletion, and error checking. The functional con- 
figuration of the SSDA is programmed via the data bus during 
system initialization. 

Programmable control registers provide control for variable 
word length, transmit control, receive control, synchronization 
control and interrupt control. Status, timing and control lines 
provide peripheral or modem control. 

Typical applications include data communications terminals, 
floppy disk controllers, cassette or cartridge tape controllers and 
numerical control systems. 


HD6852P, HD68A52P 







@® FEATURES 

@ Programmable Interrupts from Transmitter, Receiver, 
and Error Detection Logic 

Character Synchronization on One or Two Sync Codes 
External Synchronization Available for Parallel-Serial 
Operation 

Programmable Sync Code Register 

Up to 1Mkbps Transmitter 

Peripheral/Modem Control Functions 

Three Bytes of FIFO Buffering on Both Transmit and 
Receive 

6, 7, or 8 Bit Data Transmission 

Optional Even and Odd Parity 

Parity, Overrun, and Underflow Status (Top View) 


Compatible with MC6852 and MC68A52 


® BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Re Uni 
Supply Voliage v 
input Voltage 8 v 
Operating Temperature ic 
Storage Temperature °C 


* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


RECOMMENDED OPERATING CONDITIONS 


fe Symbot_[ min [yp [max Uni 
Supply Voltage [Veena dO) 


Input Voltage 


< 
=x 
* 
= 
als 
o|<l< 


Operating Temperature Tepe 
* With respect to Vgg (SYSTEM GND) 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


fem [Symbol [Test Condition | min | wp" | max_[ Uni 
Sat, a BR Le i SRA 8 RL EB 


Input ‘“‘Low” Voltage All | Allinput a ee V 


lon = -205 WA, 
Do~D, 
Output “High” Volt PWen, PWe_s 25us 
u u a ot e 
p ig oltag Tx Data y lon = -100 nA, ‘ 
DTR, TUF OH PWen ; PWe_< 25 us 


< 












*Ta= 25°C, Voc = 5V 


Output “Low” Volta All O Vv Ou 1. meA; Vv 
utpu ce] le 
ce eee rg ee CLT Wen, PWer< 25us 
TxCLK, RxCLK, 
Rx Data, E, 
Input Leakage Current : Vin =O~ 5.25V uA 
Three-State Input Current V., =0.4~ 2.4V, 
r ate Inp urren Do~ D, ee in | uh 
(Off State) Voc = 5.25V 
Output Leakage Current 
Von = 2.4V A 
Do~ Dy a ae 
RxData, RxCLK, 
Input Capacitance TxCLK, RES, pr 
amonee — Cin 7.5 
CS, RS, RW, E, / 
DCD, CTs 
Bbc TxData, DTR, TUF, Vin=OV,Ta=25°C| -— | — | 10 | : 
pac sinaisaias Ra ta Me ae ee 
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@ AC CHARACTERISTICS 
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(Vcc=5V+t5%, Vsg=0V, Ta=-20~+75 °C, unless otherwise noted.) 


1. TIMING OF THE DATA TRANSFER 








HD6852 HD68A52 


Test 


= Symhel | Conlon aaa ae ee 

Clock ‘“‘Low” Pulse Width PWer oe 1 ns 
Clock “High” Pulse Width Pion |e Sere is 
Receive Data Hold Time tRDH te ee ee ee ns 
Clock-to-Data Delay for 
Transmitter Underflow tTUF Fig. 4 a ar Us 

RES Pulse Width es ee 
Input Rise and Fall Times(Except E | trete — |0. 8V to 2. Oy el ee ee ee ee Us 
* 1.04 or 10% of the pulse width, whichever is smaller. 

2. BUS TIMING 
1) READ 

ndition 
Enable “High” Pulse Width | PWen | 045 | 25 | 028 | 2 | ams 
Enable ‘‘Low’’ Pulse Width | 043 | - | 028 | - | Us 
Setup Time, Address and R/W valid 
to Enable positive transition tas | Fig. 8 Two | - | wo] | di 
Data Hold Time (in| a 
Rise and Fall Time for Enable input | o- [ 6 | - | 8 | ns 
2) WRITE 
ondition 
Enable Cycle Time | 10 f - | 0.666 fo | | Ls 
Enable Pulse Width, “High” | PWen_| | 045 | 25 | 028 | 25 | us 
Enable Pulse Width, “Low” PWe, | 043 | -— | 028 | - | us 
Setup Time, Address and R/W valid 
to Enable positive transition Fig. 9 | wo f = | of = | me 
Rise and Fall Time for Enable input | o- | 2 ]| = | 8 ls 
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PWeL Me CLK > OV 
Tx CLK Rx CLK 
or 
0.8V PW 
Rx CLK 


Figure 1 Clock Pulse Width (““Low”’ level) Figure 2 Clock Pulse Width (‘‘High”’ level) 


Rx Data NM SaY XOXO FAA 
Ww el aie bits in character = 


Figure 3 Receive Data Setup and Hold Times and Sync Match Delay Time 












Tx 
CLK 
Enable 

Tx 

Data DTR 

TUF ina 

n = Number of bits = pare 
in character Period * IRQ Release Time applied to TxData FIFO write operation and 
RxData FIFO read operation. 
Figure 4 Transmit Data Output Delay and ** IRQ Release Time applied to write ‘1’ operation to RxRS, TxRS, 
Transmitter Underflow Delay Time mV E Cle CTSDI Sc oot 
Figure 5 DTR and IRQ Release Time 
CTs DCD 0.8V 
Rx CLK 
Tx CLK __0.8V 
Notes: 
@ Must occur before DCD goes low. 
© First data bit placed in Rx shift register. 
Tx Data © Last data bit of byte placed in Rx shift register. 
@ Rx Data byte transferred from shift register to Rx FIFO. 


© Clock edge required for generation of IRQ by RDA status. 
Note: Refer to Figure 3 for the Rx Data setup and hold times. 


Figure 6 CTS Setup Time Figure 7 DCD Setup Time 
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RS, CS, R/W 


Data Bus 





Figure 8 Bus Read Timing Characteristics 
(Read information from SSDA) 


Load A 
(D, ~D,, OTR, Tx Data, TUF) 


5.0V 
R pS 2.4K 
Test point 


C=130pF for D,~D, 

=30pF for DTR, Tx Data, and TUF 
All diodes are 152074 @ or Equivalent 
R=11kQ for D,~D, 

=24k2 for OTR, Tx Data, and TUF 





# DEVICE OPERATION 

At the bus interface, the SSDA appears. as two addressable 
memory locations. Internally, there are seven registers: two 
read-only and five write-only registers. The read-only registers 
are Status and Receive Data; the write-only registers are Control 
1, Control 2, Control 3, Sync Code and Transmit Data. The 
serial interface consists of serial input and output lines with 
independent clocks, and four peripheral/modem control lines. 

Data to be transmitted is transferred directly into the 3-byte 
Transmit Data First-In First-Out (FIFO) Register from the data 
bus. Availability of the input to the FIFO is indicated by a bit 
in the Status Register; once data is entered, it moves through 
the FIFO to the last empty location. Data at the output of the 
FIFO is automatically transferred from the FIFO to the 
Transmitter Shift Register as the shift register becomes available 
to transmit the next character. If data is not available from the 
FIFO (underflow condition), the Transmitter Shift Register is 
automatically loaded with either a sync code or an all “1”s 
character. The transmit section may be programmed to append 
even, odd, or no parity to the transmitted word. An external 
control line (CTS) is provided to inhibit the transmitter with- 
out clearing the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync mode used 
for parallel-serial operation, the receiver is synchronized by the 
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tas 
Enable 
RS, CS, R/W 
Data Bus 


Figure 9 Bus Write Timing Characteristics 
(Write information into SSDA) 


_Load B 
(IRQ Only) 


5.0V 
3k 
Test point 
| 100pF 


Figure 10 Test Loads 


Data Carrier Detect (DCD) input and transfers successive bytes 
of data to the input of the Receiver FIFO. The single-sync- 
character mode requires that a match occur between the Sync 
Code Register and one incoming character before data transfer 
to the FIFO begins. The two-sync-character mode requires that 
two sync codes be received in sequence to establish synchro- 
nization. Subsequent to synchronization in any mode, data is 
accumulated in the shift register, and parity is optionally 
checked. An indication of parity error is carried through the 
Receiver FIFO with each character to the last empty location. 
Availability of a word at the FIFO output is indicated by a bit 
in the Status Register, as is a parity error. 

The SSDA and its internal registers are selected by the 
address bus, Read/Write (R/W) and Enable control lines. To 
configure the SSDA, Control Registers are selected and the 
appropriate bits set. The Status Register is addressable for 
reading status. Rae 

Other I/O lines, in addition to Clear-to-Send (CTS) and Data 
Carrier Detect_(DCD), include Sync Match/Data Terminal 
Ready (SM/DTR) and Transmitter Underflow (TUF). The 
transmitter and receiver each have individual clock inputs 
allowing simultaneous operation under separate clock control. 
Signals to the microprocessor are the Data bus and Interrupt 


Request (IRQ). 
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@ Initialization ae 

During a power-on sequence, the SSDA is reset via the RES 
input and internally latched in a reset condition to prevent 
erroneous output transmissions. The Sync Code Register, 
Control Register 2, and Control Register 3 should be pro- 
grammed prior to the programmed release of the Transmitter 
and/or Receiver Reset bits; these bits in Control Register 1 
should be cleared after the RES line has gone “High”. 


@ Transmitter Operation 

Data is transferred to the transmitter section in parallel form 
by means of the data bus and Transmit Data FIFO. The 
Transmit Data FIFO is a 3-byte register whose status is 
indicated by the Transmitter Data Register Available status bit 
(TDRA) and its associated interrupt enable bit. Data is 
transferred through the FIFO on negative edges of Enable (E) 
pulses. Two data transfer modes are provided in the SSDA. The 
l-byte transfer mode provides for writing data to the trans- 
mitter section (and reading from the receiver section) one byte 
at a time. The 2-byte transfer mode provides for writing two 
data characters in succession. 

Data will automatically transfer from the last register 
location in the Transmit Data FIFO (when it contains data) to 
the Transmitter Shift Register during the last half of the last bit 
of the previous character. A character is transferred into the 
Shift Register by the Transmitter Clock. Data is transmitted 
LSB first, and odd or even parity can be optionally appended. 
The unused bit positions in short word length characters from 
the data bus are “don’t cares”. (Note: The data bus inputs may 
be reversed for applications requiring the MSB to be transferred 
taken, e.g., IBM format for floppy disks; however, care must be 
taken to properly program the control registers — Table 1 will 
have its bit positions reversed.) 

When the Shift Register becomes empty, and data is not 
available for transfer from the Transmit Data FIFO, an 
“underflow” occurs, and a character is inserted into the 
transmitter data stream to maintain character synchronization. 
The character transmitted on underflow will be either a “Mark” 
(all “‘1”’s) or the contents of the Sync Code Register, depending 
upon the state of the Transmit Sync Code on Underflow control 
bit. The underflow condition is indicated by a pulse ( Tx CLK 
“High” period) on the Underflow putput (when in Tx Sync on 
underflow mode). The Underflow output occurs coincident 
with the transfer of the last half of the last bit preceding the 
underflow character. The Underflow status bit is set until 
cleared by means of the Clear Underflow control bit. This 
output may be used in floppy disk systems to synchronize write 
operations and for appending CRCC. 

Transmission is initiated by clearing the Transmitter Reset 
bit in Control Register 1. When the Transmitter Reset bit is 
cleared, the first full positive half-cycle of the Transmit Clock 
will initiate the transmit cycle, with the transmission of data or 
underflow characters beginning on the negative edge of the 
Transmit Clock pulse which started the cycle. If the Transmit 
Data FIFO was not loaded, an underflow character will 

\ be transmitted. 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitter by means of external system 
hardware; e.g., the modem CTS output provides the control in a 
data communications system. The CTS input resets and inhibits 
the transmitter section when “High”, but does not reset the 
Transmit Data FIFO. The TDRA status bit is inhibited by CTS 
being “High” in either the one-sync character or two-sync- 
character mode of operation. 


In the external sync mode, TDRA is unaffected by CTS in 
order to provide Transmit Data FIFO status for preloading and 
operating the transmitter under the control of the CTS input. 
When the Transmitter Reset bit (Tx Rs) is set, the Transmit 
Data FIFO is cleared and the TDRA status bit is cleared. After 
one E clock has occurred, the Transmit Data FIFO becomes 
available for new data with TDRA inhibited. 


e@ Receiver Operation 

Data and a presynchronized clock are provided to the SSDA 
receiver section by means of the Receive Data (Rx Data) and 
Receive Clock (Rx CLK) inputs. The data is a continuous 
stream of binary data bits without means for identifying charac- 
ter boundaries within the stream. It is, therefore, necessary to 
achieve character synchronization for the data at the beginning 
of the data block. Once synchronization is achieved, it is 
assumed to be retained for all successive characters within the 
block. 

Data communications systems utilize the detection of sync 
codes during the initial portion of the preamble to establish 
character synchronization. This requires the detection of a 
single code or two successive sync codes. Floppy disk and 
cartridge tape units require sixteen bits of defined preamble and 
cassettes require eight bits of preamble to establish the reference 
for the start of record. All three are functionally: equivalent to 
the detection of sync codes. Systems which do not utilize code 
detection techniques require custom logic external to the SSDA 
for character synchronization and use of the parallel-to-serial 
(external sync) mode. 

(Note: The Receiver Shift Register is set to ones when reset) 


@ Synchronization 

The SSDA provides three operating modes with respect to 
character synchronization: one-sync-character mode, two-sync- 
character mode, and external sync mode. The external sync 
mode requires synchronization and control of the receiving 
section through the Data Carrier Detect (DCD) input. This 
external synchronization could consist of direct line control 
from the transmitting end of the serial data link or from 
external logic designed to detect the start of the message block. 
The one-sync-character mode searches on a bit-by-bit basis until 
a match is achieved between the data in the Shift Register and 
the Sync Code Register. The match indicates character synchro- 
nization is complete and will be retained for the message block. 
In the two-sync-character mode, the receiver searches for the 
first sync code match on a bit-by-bit basis and then looks for a 
second successive sync code -character prior to establishing 
character synchronization. If the second sync code character is 
not received, the bit-by-bit search for the first sync code is 
resumed. ; 

Sync codes received prior to the completion of synchro- 
nization (one or two character) are not transferred to the 
Receive Data FIFO. Redundant sync codes during the preamble 
or sync codes which occure as “fill characters” can automat- 
ically be stripped from the data, when the Strip Sync control bit 
is set, to minimize system loading. The character synchroniza- 
tion will be retained until cleared by means of the Clar Sync bit, 
which also inhibits synchronization search when set. 


@ Receiving Data 

Once synchronization has been achieved, subsequent char- 
acters are automatically transferred into the Receive Data FIFO 
and clocked through the FIFO to the last empty location by E 
pulses (MPU System $2). The Receiver Data Available status bit 
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(RDA) indicates when data is available to be read from the last 
FIFO location (#3) when in the 1-byte transfer mode. The 
2-byte transfer mode causes the RDA status bit to indicate data 
is available when the last two FIFO register locations are full. 
Data being available in the Receive Data FIFO causes an 
interrupt request if the Receiver Interrupt Enable (RIE) bit is 
set. The MPU will then read the SSDA Status Register, which 
will indicate that data is available for the MPU read from the 
Receiver Data FIFO register. The IRQ and RDA status bits are 
reset by a read from the FIFO. If more than one character has 
been received and is resident in the Receive Data FIFO, 
subsequent E clocks will cause the FIFO to update and the 
RDA and IRQ status bits will again be set. The read data 
operation for the 2-byte transfer mode requires an intervening E 
clock between reads to allow the FIFO data to shift. Optional 
parity is automatically checked as data is received, and the 
parity status condition is maintained with each character until 
the data is read from the Receive Data FIFO. Parity errors will 
cause an interrupt request if the Error Interrupt Enable (EIE) 
has been set. The parity bit is not transferred to the data bus 
but must be checked in the Status Register. NOTE: Jn the 
2-byte transfer mode, parity should be checked prior to reading 
the second byte, since a FIFO read clears the error bit. 

Other status bits which pertain to the receiver section are 
Receiver Overrun and Data Carrier Detect (DCD). The Overrun 
status bit is automatically set when a transfer of a character to 
the Receive Data FIFO occurs and the first register of the 
Receive Data FIFO is full. Overrun causes an interrupt if Error 
Interrupt Enable (EIE) has been set. The transfer of the 
overrunning character into the FIFO causes the previous 
character in the FIFO input register location to be lost. The 
Overrun status bit is cleared by reading the Status Register 
(when the overrun condition is present), followed by a Receive 
Data FIFO Register read. Overrun cannot occur and be cleared 
without providing an opportunity to detect its occurrence via 
the Status Register. 

A positive transition on the DCD input causes an interrupt if 
the EIE control bit has been set. The interrupt caused by DCD 
is cleared by reading the Status Register when the DCD status 
bit is “1”, followed by a Receive Data FIFO read. The DCD 

status bit will subsequently follow the state of the DCD input 
when it goes “Low”. 


= SSDA REGISTERS 

Seven registers in the SSDA can be accessed by means of the 
bus. The registers are defined as read-only or write-only 
according to the direction of information flow. The Register 
Select (RS) input selects two registers in each state, one being 
read-only and the other write-only. The Read/Write (R/W) input 
defined which of the two selected registers will actually be 
accessed. Four registers (two read-only and two write-only) can 
be addressed via the bus at any particular time. These registers 
and the required addressing are defined in Table 1. 


@ Control Register 1 (C1) 

Control Register 1 is an 8-bit wirte-only register that can be 
directly addressed from the data bus. Control Register 1 is 
addressed when RS = “Low” and R/W = “Low”. 


Receiver Reset (Rx Rs), C1 Bit 0 

The Receiver Reset control bit provides both a reset and 
inhibit function to the receiver section. When Rx Rs is set, it 
clears the receiver control logic, error logic, Rx Data FIFO 
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Control, Parity Error status bit, and DCD interrupt. The 
Receiver Shift Register is set ones. The Rx Rs bit must be 
cleared after the occurrence of a “Low” level on RES in order 
to enable the receiver section of the SSDA. 


Transmitter Reset (Tx Rs), C1 Bit 1 

The Transmitter Reset control bit provides both a reset and 
inhibit to the transmitter section. When Tx Rs is set, it clears 
the transmitter control section, Transmitter Shift Register, Tx 
Data FIFO Control (the Tx Data FIFO can be reloaded after 
one E clock pulse), the Transmitter Underflow status bit, and 
the CTS interrupt, and inhibits the TDRA status bit (in the 
one-sync-character and two-sync-character modes). The Tx Rs 
bit must be cleared after the occurrence of a “Low” level on 
RES in order to enable the transmitter section of the SSDA. If 
the Tx FIFO is not preloaded, it must be loaded immediately 
after the Tx Rs release to prevent a transmitter underflow 
condition. 


Strip Synchronization Characters (Strip Sync), C1 Bit 2 

If the Strip Sync bit is set, the SSDA will automatically strip 
all received characters which match the contents of the Sync 
Code Register. The characters used for synchronization (one or 
two characters of sync) are always stripped from the received 
data stream. 


Clear Synchronization (Clear Sync), C1 Bit 3 

The Clear Sync control bit provides the capability of 
dropping receiver character synchronization and inhibiting 
resynchronization. The Clear Sync bit is set to clear and inhibit 
receiver synchronization in all modes and is reset to zero to 
enable resynchronization. 


Transmitter Interrupt Enable (TIE), C1 Bit 4 

TIE enable both the Interrupt Request (IRQ) output and 
Interrupt Request status bit to indicate a transmitter service 
request. When TIE is set and the TDRA status bit is “1”, the 
IRD output will go “Low” (the active state) and the IRQ status 
bit will go “1”. 


Receiver Interrupt Enable (RIE), C1 Bit 5 

RIE enable both the Interrupt Request output (IRQ) and the 
Interrupt Request status bit to indicate a receiver service 
request. When RIE is set and the RDA status bit is “1”, the IRO 
output will go “Low” (the active state) and the IRQ status bit 
will go sl cee 9 


Address Control 1 (AC1) and Address Control 2 (AC2), C1 
Bits 6 and 7 

AC1 and AC2 select one of the write-only registers — Control 
2, Control 3, Syne Code, or Tx Data FIFO — as shown in Table 
1, when RS = “High” and R/W = “Low”. 


©@ Control Register 2 (C2) 

Control Register 2 is an 8-bit write-only register which can be 
programmed from the bus when the Address Control bits in 
Control Register 1 (AC1 and AC2) are reset, RS = “High” and 
R/W = “Low”. 


Peripheral Control! 1 (PC1) and Peripheral Control 2 (PC2), 
C2 Bits 0 and 1 

Two control bits, PC1 and PC2, determine the operating 
characteristics of the Sync Match/DTR output. PC1, when 
“High’’, selects the Sync Match mode. PC2 provides the inhibit/ 
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enable control for the SM/DRT output in the Sync Match mode. 
A one-bit-wide pulse is generated at the output when PC? is “0”, 
and a match occurs between the contents of the Sync Code 
Register and the incoming data even if sync is inhibited (Clear 
Sync bit = “1”). The Sync Match pulse is referenced to the 
negative edge of Rx CLK pulse causing the match. 

The Data Terminal Ready (DTR) mode is selected when PC1 
is “0”. When PC2 = “1” the SM/DTR output = “Low” and vice 
versa. The operation of PC2 and PC1 is summarized in Table 4. 


1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 

When 1-Byte/2-Byte is set, the TDRA and RDA status bits 
will indicate the availability if their respective data FIFO 
registers for a single byte data transfer. Alternately, if 1-Byte/ 
2-Byte is reset, the TDRA and RDA status bits indicate when 
two bytes of data can be moved without a second status read. 
An intervening Enable pulse must occur between data transfers. 


Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 
Word length Select bits WS1, WS2, and WS3 select word 
length of 7, 8, or 9 bits including parity as shown in Table 3. 


Transmit Syne Code on Underflow (Tx Sync), C2 Bit 6 

When Tx Sync is set, the transmitter will automatically send 
a sync character when data is not available for transmission. If 
Tx Sync is reset, the transmitter will transmit a Mark character 
(including the parity bit position) on underflow. When the 
underflow is detected, a pulse approximately a Tx CLK “High” 
period wide will occur on the underflow output if the Tx Sync 
bit is “1”. Internal parity generation is inhibited during 
underflow except for sync code fill character transmission in 8 
bit plus parity word lengths. 


Error interrupt Enable (EIE), C2 Bit 7 teen 
When EIE is set, the [RQ status bit will go “1” and the IRQ 

output will go “Low” if: 

1) A receiver overrun occurs. The interrupt is cleared by reading 
the Status Register and reading the Rx Data FIFO. 

2) DCD input has gone to a “High”. The interrupt is cleared by 
reading the Status Register and reading the Rx Data FIFO. 

3) A parity error exists for the character in the last location 
(#3) of the Rx Data FIFO. The interrupt is cleared by 
reading the Rx Data FIFO. The interrupt is cleared by 
reading the Rx Data FIFO. 

4) The CTS input has gone to a “High”. The interrupt is cleared 
by writing a “1” in the Clear CTS bit, C3 bit 2, or by a Tx 
Reset. 

5) The transmitter has underflowed (in the Tx Sync on 
Underflow mode). The interrupt is cleared by writing a “1” 
into the Clear Underflow, C3 bit 3, or Tx Reset. 

When EIE is a “0”, the IRQ status bit and the IRQ output 
are disabled for the above error conditions. A “Low” level on 

the RES input resets EIE to “0”. 





@ Control Register 3 (C3) 

Control Register 3 is a 4-bit write-only register which can be 
programmed from the bus when RS = “High” and R/W = 
“Low” and Address Control bit AC1i = “1” and AC2 = “0”. 


External/Internal Sync Mode Control (E/! Sync), C3 Bit 0 

When the E/I Sync Mode bit is “1”, the SSDA is in the 
external sync mode and the receiver synchronization logic is 
disabled. Synchronization can be achieved by means of the DCD 
input or by starting Rx CLK at the midpoint of data bit “O” of 


a character with DCD “Low”. Both the transmitter and receiver 
sections operate as parallel — serial converters in the External 
Sync mode. The Clear Sync bit in Control Register 1 acts as a 
receiver sync inhibit when “High” to provide a bus controllable 
inhibit. The Sync Code Register can serve as a transmitter fill 
character register and a receiver match register in this mode. A 
“Low” on the RES input resets the E/I Sync Mode bit placing 
the SSDA In the internal sync mode. 


One-Sync-Character/Two-Sync-Character Mode, Control (1 
Sync/2 Sync), C3 Bit 1 

When the 1 Sync/2 Sync bit is set, the SSDA will 
synchronize on a single match between the received data and 
the contents of the Sync Code Register. When the 1 Sync/2 
Sync bit is reset, two successive sync characters must be 
received prior to receiver synchronization. If the second sync 
character is not detected, the bit by bit search resumes from the 
first bit in the second character. See the description of the Sync 
Code Register for more details. 


Clear CTS Status (Clear CTS),C3Bit2 

When a “1” is written into the Clear CTS bit, the stored 
status and interrupt are cleared. Subsequently, the CTS status 
bit reflects the state of the CTS input. The Clear CTS control 
bit does not affect the CTS. input nor its inhibit of the 
transmitter secton. The Clear CTS command bit is self-clearing, 
and writing a “O” into this bit is a nonfunctional operation. 


Clear Transmit Underflow Status (CTUF), C3 Bit 3 

When a “1” is written into the CTUF status bit, the CTUF 
bit and its associated interrupt are reset. The CTUF command 
bit is self-clearing and writing a “O” into this bit is a 
nonfunctional operation. 


@ Sync Code Register 

The Sync Code Register is an 8-bit register for storing the 
programmable sync code required for received data character 
Synchronization in the one-sync-character and _ two-sync- 
character modes. The Sync Code Register also provides for 
stripping the sync/fill characters from the received data (a 
programmable option) as well as automatic insertion of fill 
characters in the transmitted data stream. The Sync Code 
Register is not utilized for teceiver character synchronization in 
the external sync mode; however, it provides storage of receiver 
match and transmit fill characters. 

The Sync Code Register can be loaded when AC2 and AC1 
are a “1” and “O” respectively, and R/W = “Low” and RS = 
“High”. 

The Sync Code Register may be changed after the detection 
of a match with the received data (the first sync code having 
been detected) to synchronize with a double-word sync pattern. 
(This sync code change must occur prior to the completion of 
the second character.) The sync match (SM) output can be used 
to interrupt the MPU system to indicate that the first eight bits 
have matched. The service routine would then change the sync 
match register to the second half of the pattern. Alternately, the 
one-sync-character mode can be used for sync codes for 16 or 
more bits by using software to check the second and subsequent 
bytes after reading them from the FIFO. 

The detection of the sync code can be programmed to appear 
on the Sync Match/DTR output by writing a “1” in PC1 (C2 bit 
0) and a “0” in PC2 (C2 bit 1). The Sync Match output will go 
“High” for one bit time beginning at the character interface 
between the sync code and the next character. 
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@ Parity for Sync Character 
Transmitter 

Transmitter does not generate parity for the sync character 
except 9-bit mode. 

9-bit (8-bit + parity) — 8-bit sync character + parity 

8-bit (7-bit + parity) — 8-bit sync character (no parity) 

7-bit (6-bit + parity) — 7-bit sync character (no parity) 
Receiver 

_ At Synchronization 

Receiver automatically strips the sync character(s) (two sync 
characters if ‘2 sync’ mode is selected) which is used to establish 
synchronization. And parity is not checked for these sync 
characters. 

After Synchronization is Established 

When ‘strip sync’ bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for the 
stripped sync (fill) characters. When ‘strip sync’ bit is not 
selected (0), the sync character is assumed to be normal data 
and it is transferred into FIFO after parity checking. (When 
non-parity format is selected, parity is not checked.) 


Data Format 
(C2 Bit 3-5) 















Strip Sync 


(C1 Bit 2) Operation 






No transfer of sync 
code. 

No parity check of 
sync code. 


“Transfer data and 
sync codes. 
Parity check. 


*Transfer data and 
sync codes. 
No parity check. 


With Parity 


Without Parity 





* Subsequent to synchronization 
X ceiec don’t care 


It is necessary to pay attention to the selected sync character 

in the following cases. 

1) Data format is (6 + parity), (7 + parity), 

2) Strip sync is not selected (“0”). 

3) After synchronization when sync code is used as a fill 
character. 

Transmitter sends sync character without parity, but receiver 
checks the parity as if it is normal data. Therefore, the sync 
character should be chosen to match the parity check selected 
for the receiver in this special case. 


@ Receive Data First-In First-Out Register 

(Rx Data FIFO) 

The Receive Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of received data. Each 
8-bit register has an internal status bit which monitors its full or 
empty condition. Data is always transferred from a full register 
to an adjacent empty register. The transfer from register to 
register occurs on E pulses. The RDA status bit will be “1” 
when data is available in the last locatioi of the Rx Data FIFO. 

In an Overrun condition, the overrunning character will be 
transferred into the full first stage of the FIFO register and will 
cause the loss of that data character. Successive overruns 
continue to overwite the first register of the FIFO. This 
destruction of data is indicated by means of the Overrun status 
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bit. The Overrun bit will be set when the overrun occurs and 
remains set until the Status Register is read, followed by a read 
of the Rx Data FIFO. 

Unused data bits for short word lengths (including the parity 
bit) will appear as “O”s on the data bus when the Rx Data FIFO 
is read. 


@ Transmit Data First-in First-Out Register 

(Tx Data FIFO) 

The Transmit Data FIFO Register consists of three 8-bit 
registers which are used for buffer storage of data to be 
transmitted. Each 8-bit register has an internal status bit which 
monitors its full or empty condition. Data is always transferred 
from a full register to an adjacent empty register. The transfer is 
clocked by E pulses. 

The TDRA status bit will be “High” if the Tx Data FIFO is 
available for data. 

Unused data bits for short word lengths will be handled as 
“don’t cares”. The parity bit is not transferred over the data 
bus since the SSDA generates parity at transmission. 

When an Underflow occurs, the Underflow character will be 
either the contents of the Sync Code Register or an all “‘1’’s 
character. The underflow will be stored in the Status Register 
until cleared and will appear on the Underflow output as a pulse 
approximately a Tx CLK “High” period wide. 


@ Status Register 

The Status Register is an 8-bit read-only register which 
provides the real-time status of the SSDA and the associated 
serial data channel. Reading the Status Register is a non-destruc- 
tive process. The method of clearing status bits depends upon 
the function each bit represents and is discussed for each bit in 
the register. 
Receiver Data Available (RDA), S Bit 0 

The Receiver Data Available status bit indicates when 
receiver data can be read from the Rx Data FIFO. The receiver 
data being present in the last register (#3) of the FIFO causes 
RDA to be “1” for the 1-byte transfer mode. The RDA bit 
being “1” indicates that the last two registers (#2 and #3) are 
full when in the 2-byte transfer mode. The second character can 
be read without a second status rad (to determine that the 
character is available). And E pulse must occur between reads of 
the Rx Data FIFO to allow the FIFO to shift. Status must be 
read on a word-by-word basis if receiver data error checking is 
important. The RDA status bit is reset automatically when data 
is not available. 


Transmitter Data Register Available (TDRA), S Bit 1 

The TDRA status bit indicates that data can be loaded into 
the Tx Data FIFO Register. The first register (#1) of the Tx 
Data FIFO being empty will be indicated by a “1” in the TDRA 
status bit in the 1-byte transfer mode. The first two registers 
(#1 and #2) must be empty for TDRA to be “1” when in the 
2-byte transfer mode. The Tx Data FIFO can be loaded with 
two bytes without an intervening status read; however, one E 
pulse must occur between loads. TDRA is inhibited by the Tx 
Reset or RES. When Tx Reset is set, the Tx Data FIFO is 
cleared and then released on the next E clock pulse. The Tx 
Data FIFO can then be loaded with up to three characters of 
data, even though TDRA is inhibited. This feature allows 
preloading data prior to the release of Tx Reset. A “High” level 
on the input inhibits the TDRA status bit in either sync 
mode of operation (one-sync-character or two-sync-character). 
CTS does not affect TDRA in the external sync mode. This 
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enables the SSDA to operate under the control of the CTS input 
with TDRA indicating the status of the Tx Data FIFO. The CTS 
input does not clear the Tx Data FIFO in any operating mode. 


Data Carrier Detect (DCD), $ Bit 2 

A positive transition on the DCD input is stored in the SSDA 
until cleared by reading both Status and Rx Data FIFO. A “1” 
written into Rx Rs also clears the stored DCD status. The DCD 
status bit, when set, indicates that the DCD input has gone 
“High”, The reading of both Status and Receive Data FIFO 
allows Bit 2 of subsequent Status reads to indicate the state of 
the DCD input until the next positive transition. 


Clear-to-Send (CTS), S Bit 3 

A positive transiton on the CTS input is stored in the SSDA 
until cleared by writing a “1” into the Clear CTS control bit or 
the Tx Rs bit. The CTS status bit, when set, indicates that the 
CTS input has gone “High”. The Clear CTS command (a “1” 
into C3 Bit 2) allows Bit 3 of subsequent Status reads to 
indicate the state of the CTS input until the next positive 
transition. 


Transmitter Underflow (TUF), S Bit 4 

When data is not available for the transmitter, an underflow 
occurs and is so indicated in the Status Register (in the Tx Sync 
on underflow mode). The underflow status bit is cleared by 
writing a “1” into the Clear Underflow (CTUF) control bit or 





the Tx Rs bit. TUF indicates that a sync character will be 
transmitted as the next character. A TUF is indicated on the 
output only when the contents of the Sync Code Register is to 
be transferred (transmit sync code on underflow = “1’’). 


Receiver Overrun (Rx Ovrn), S Bit 5 

Overrun indicates data has been received when the Rx Data 
FIFO is full, resulting in data loss. The Rx Ovrn status bit is set 
when Overrun occurs. The Rx Ovrn status bit is cleared by 
reading Status followed by reading the Rx Data FIFO or by 
setting the Rx Rs control bit. 


Receiver Parity Error (PE), S Bit 6 

The parity error status bit indicates that parity for the 
character in the last register of the Rx Data FIFO did not agree 
with selected parity. The parity error is cleared when the 
character to which it pertains is read from the Rx Data FIFO or 
when Rx Rs occurs. The DCD input does not clear the Parity 
Error or Rx Data FIFO status bits. 


Interrupt Request (IRQ), S Bit 7 

The Interrupt Request status bit indicates when the IRQ 
output is in the active state (IRQ output = “Low”). The IRQ 
status bit is subject to the same interrupt enables (RIE, TIE, and 
EIE) as the IRQ output. The IRQ status but simplifies status 
inquiries for polling systems by ‘providing single bit indication of 
service requests. 


Table 1 SSDA Programming Model 


Control* Adaress 
Register roa Control 


Register Content 


priwiface[act| sey [exe [ons [ona [era [eee [eer [ao 


Receiver | Transmitter 


Status (S) Interrupt Receiver 
Request Parity 
(IRQ) Error 
Control} 1 Address Address 
(C1) 


Control 2 Control 1 





Interrupt 
Enable 


Clear-to- Data Carrier Transmitter Receiver 
Underflow Send Detect Data Data 
(TUF) (CTS) (DCD) Register Available 
Available (RDA) 
(TDRA) 
Strip Sync Transmitter Receiver 
Interrupt Characters Reset Reset 
Enable (Strip Sync) (Rx Rs) 


ean 
Receive D, 
Data FIFO 










Transmit | 
Sync Code 





on 
Underflow 
(Tx Sync) 


Control! 2 

(C2) Interrupt 
Enable 
(EVE) 


~ | 0 
C3) 


Pols igiaisei ss. 8 ts 


Sync Code'| 1_| 
Transmit 
Data FIFO 


* 0; “Low” level, 1; “High’’ fevel 
** “EEF” should not be used as Sync Code. 















































1-Byte/2-Byte Peripheral Peripheral 
Transfer Control 2 Control 1 
(1-Byte/2-Byte) (PC2) (PC1) 
One-Sync- External/ 
Transmitter US Character/ Internal 
Underflow | (Clear CJS) Two-Sync | Sync Mode 
Status Character Control 
(CTUF) Mode Control | (E/1 Sync) 
3 1 syne! 


Sync) 


*** When the SSDA is used in applications requiring the MSB of data to be receive and transmitted first, the data bus inputs to the SSDA 
may be reversed (D, to D,, etc.). Caution must be used when this is done since the bit positions in this table will be reversed, and the 


parity should not be selected. 
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Register 


Status 
Register 
(S) 


Control 
Register 1 
(C1) 


Control 
Register 2 
(C2) 


Control 
Register 3 
(C3) 














AC2 
ACI : 






Own 





a 


RIE 


Table 2 Functions of SSDA Register 


Function 


The IRQ flag 1s cleared when the source of the IRQ is cleared. The source is determined by 
the enables in the Control Registers: TIE, RIE, EIE. 


When parity error is detected in 
receive data. 






Rx Rs (C1 Bit 0). 


When under flow is occurred in 
the transmitter. 





Tx Rs (C1 Bit 1). 








Conditions 
for Reset 


Conditions 
for Set 









1 Byte Transfer Mode; when 
the transmit data FIFO (#1) 
is empty. 


2 Byte Transfer Mode; when the 
transmit data FIFO (#1, #2) is 










Write into Tx Data FIFO. 










1 Byte Transfer Mode; when the 
data is recetved in the receive 
data FIFO (#3). 


2 Byte Transfer Mode; when the 
data is received in the receive 
data FIFO (#2, #3). 


Used to access other registers, as shown Table 1. 










Read Rx Data FIFO. 











When “1”, enables interrupt on RDA (S Bit 0). 


ec ee ee es ee ee oe 


Read Status and then Rx Data Fl FO, 
ora “1” into Rx Rs (C1 Bit 0). 


oe ee ee ee ee ee me ee ee 


A“ into CTUF (C3 Bit 3) or into 


A ‘'1" into Clear CTS (C3 Bit 2) or 
a “1” into Tx Rs (C1 Bit 1) 


Read Status and then Rx Data FIFO 
or a 1" into Rx Rs (C1 Bit 0) 


HD6852,HD68A52 


Read Rx Data FIFO, or a ‘’1"’ into 


ween wnmewnare 


See Geen ee ee ee ee eee ee rr ee eed 








When “1”, enables interrupt on TDRA (S Bit 1). 


eS eee es eee eee ee eee eee ree eee eee eee ee eee eee eee eee ee ee eee eee ere rr rere eee eee eee eee re eer errr rere ery 








When “1”, clears receiver character synchronization. 


OS ee, Oe ee ee eee eee ee ee ee eo) 









When "1", strips ail sync codes from the received data stream. 


es eee eee eee eee ree Cee eee reer ee eee errr ee ee ee ee 





4 TIE 

3 Clear Sync 
2 Strip Sync 
1 Tx Rs 





When “1”, resets and inhibits the transmitter section. 


rrr reese eee eee ee ee ee ee eee eee eee eee ee eee ee ee errr ree ee ee 






Rx Rs 
EIE 










~j| oO 


When “1”, resets and inhibits the receiver section. 
When “1'', enables the PE, Rx Ovrn, TUF, CTS, and DCD interrupt flags (S Bits 6 through 2). 


rere! Seer ree ee eee ee ee ee eee ee CP ee ee eee ee eee eee eer eee eee errr errr eee eee eee ee re eee ee ee) 










oO 


Tx Sync 


When “1”, allows sync code contents to be transferred on underflow, and enables the TUF 
Status bit and output. When “0’’, an all mark character is transmitted on underflow. 


Oe) es Oe ee eee ee ee 


WS3 
WS2 
WwS1 












Who 


Word Length Select 


re) eee eee eee eee eee eee CO ere er errr eee eee eee eee eee ee ee eee errr eee eee eee re eee ee eee eee eee) 









NO 


1-Byte/2-Byte 


When “1”, enables the, TDRA and RDA bits to indicate when a 1-byte transfer can occur; when 
“0”, the TDRA and RDA bits indicate when a 2-byte transfer can occur. 


a Oe eee eee ee eee ee ee eee ee ee eee reer ee eee ree eee eee Tee TT ec TTT TE TTT TTT TTT TTT TTT TTT TTT 






PC2 
PC1 


CTUF 





ow 





SM/DTR Output Control 
When "1", clears TUF Ge Bit 4), and sar if enabled. 


CO ree wm wa see rerws passer dana se sereeae sa seeeaceseceesccesesesr een e ede ene s ee wns ec ewww ema ees mame meses er ere cere r ese mae e ame sew arate meee Eee EEE eESeEDeeseaesneeseesusaee 





errr rrr Seer eT eee eee ee eee ee eee ee eee Te eee eer rere ee ee ee ee 


1-Sync/2-Sync 





When “'1 i selects the pears mode; when “0”’, selects the two-sync-character mode. 


POC e me mm eee me swe wreme ree des es eee tus serearesreseser reese eee wesw asecese ress eweese seer eee ser ee wnat em eee Ee Ee eee eH EOE OEE ee Owe Ree EEO RHEE SEEM OTE E EE ORE eee eHEees 


E/I Sync 





When “1"’, selects the external sync mode; when ‘‘0”, selects the internal sync mode. 


Table 3 Word Length 





Word Length 





6 Bits + Even Parity 
6 Bits + Odd Parity 
7 Bits 

8 Bits 

7 Bits + Even Parity 
7 Bits + Odd Parity 
8 Bits + Even Parity 
8 Bits + Odd Parity 


-—-=43OO~—- -" OO 
—_-O-" ©O8 - 0-0 
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Table 4 SM/DTR Output Control 


Bit a ; . ce . 
sn | aoe SM/DTR Output at Pin 5 

0 “High” Level* 

0 Pulse [|  1.1-Bit Wide, on SM 


denen 


1 
1 


“Low”’ Level” 
SM Inhibited, “’Low’’* 


* OUTPUT level is fixed by the data written into PC2, PC1. 
** When “10” or 11", output is fixed at “Low”. 


RDA: PE 

Rx Ovrn 

CTS 

DCD 

TUF EIE 
TDRA 


RDA 


® INTERFACE SIGNALS FOR MPU 

The SSDA interfaces to the HD6800 MPU with an 8-bit 
bi-directional data bus, a chip select line, a register select line, an 
interrupt request line, read/write line, an enable line, and a reset 
line. These signals, in conjunction with the HD6800 VMA 
output, permit the MPU to have complete control over the 
SSDA. 


@ Bi-Directional Data Bus (Dy~D, ) 

The bi-directional data bus (Dp ~D-) allow for data transfer 
between the SSDA and the MPU. The data bus output drivers 
are three-state devices that remain in the high impedance (off) 
state except when the MPU performs an SSDA read operation. 


®@ Enable (E) 

The Enable signal, E, is a high impedance TTL compatible 
input that enables the bus input/output data buffers, clocks 
data to and from the SSDA, and moves data through the FIFO 
Registers. This signal is normally the continuous HMCS6800 
System $2 clock, so that incoming data characters are shifted 
through the FIFO. 


@ Read/Write (R/W) 

The Read/Write line is a high impedance input that is TTL 
compatible and is used to control the direction of data flow 
through the SSDA’s input/output data bus interface. When 
Read/Write is “High” (MPU read cycle), SSDA output drivers 
are turned on if the chip is selected and a selected register is 
read. When it is “Low”, the SSDA output drivers are turned off 
and the MPU writes into a selected register. The Read/Write 
signal is also used to select read-only or write-only registeres 
within the SSDA. 


®@ Chip Select (CS) 

This high impedance TTL compatible input line is used to 
address the SSDA. The SSDA is selected when CS is “Low”. 
VMA should be used in generating the CS input to insure that 
false selects will not occur. Transfers of data to and from the 
SSDA are then performed under the control of the Enable 
signal, Read/Write, and Register Select. 





® Register Select (RS) 

The Register Select line is a high impedance input that is 
TTL compatible. A “High” level is used to select Control 
Registers C2 and C3, the Sync Code Register, and the 
Transmit/Receive Data Registers. A “Low” level selects the 
Control 1 and Status Registers (see Table 1). 


® Interrupt Request (IRQ) 

IRQ is a TTL compatible, open-drain (no internal pullup), 
active “Low” output that is used to interrupt the MPU. The 
TRQ remains “Low” until cleared by the MPU. 


® Reset (RES) 

The RES input provides a means of resetting the SSDA from 
an external source. In the “Low” state, the RES input causes 
the following: 

1) Receiver Reset (Rx Rs) and Transmitter Reset (Tx Rs) bits 
are set causing both the receiver and transmitter sections to 
be held in a reset condition. 

2) Peripheral Control bits PC1 and PC2 are reset to zero, 
causing the SM/DTR output to be “High”. 

3) The Erfor Interrupt Enable (EIE) bit is reset. 

4) An internal synchronization mode is selected. 

5) The Transmitter Data Register Available (TDRA) status bit is 
cleared and inhibited. 

When RES returns “High” (the inactive state), the transmit- 
ter and receiver sections will remain in the reset state until the 
Receiver Reset and Transmitter Reset bits are cleared via the 
bus under software control. The control Register bits affected 
by RES (Rx Rs, Tx Rs, PC1, PC2, EIE, and E/I Sync) cannot be 
changed when RES is “Low”. 


# CLOCK INPUTS 
Separate high impedance TTL compatible inputs are pro- 
vided for clocking of transmitted and received data. 


@ Transmit Clock (Tx CLK) 

The Transmit Clock input is used for the clocking of 
transmitted data. The transmitter shifts data on the negative 
transition of the clock. 


@ Receive Clock (Rx CLK) 

The Receive Clock input is used for clocking in received data. 
The clock and data must be synchronized externally. The 
receiver samples the data on the positive transition of the clock. 


® SERIAL INPUT/OUTPUT LINES 
@ Receive Data (Rx Data) 

The Receive Data line is a high impedance TTL compatible 
input through which data is received in a serial format. Data 
rates are from 0 to 600 kbps. 


@ Transmit Data (Tx Data) 
The Transmit Data output line transfers serial data to a 
modem or other peripheral. Data rates are from 0 to 600 kbps. 


m PERIPHERAL/MODEM CONTROL 

The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
CTS, SM/DTR, DCD, and TUF. 


® Clear-to-Send (CTS) 
The CTS input provides a real-time inhibit to the transmitter 
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section (the Tx Data FIFO is not disturbed). A positive CTS 
transition resets the Tx Shift Register and inhibits the TDRA 
status bit and its associated interrupt in both the one-sync- 
character and two-sync-character modes of operation. TDRA is 
not affected by the CTS input in the external sync mode. 

The positive transition of CTS is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored CTS information and its associated IRQ (if enabled) 
are cleared by writing a “1” in the Clear CTS bit. The CTS 
status bit subsequently follows the CTS input when it goes 
“Low’’. 

The CTS input provides character timing for transmitter data 
when in the external sync mode. Transmission is initiated on the 


negative transition of the first full positive clock pulse of the 
transmitter clock (Tx CLK) after the release of (see Figure 


6). 


® Data Carrier Detect (DCD) 

The DCD input provides a real-time inhibit to the receiver 
section (the Rx FIFO is not disturbed). A positive DCD 
transition resets and inhibits the receiver section except for the 
Receive FIFO and the RDRA status bit and its associated IRQ. 

The positive transition of DCD is stored within the SSDA to 
insure that its occurrence will be acknowledged by the system. 
The stored DCD information and its associated IRO (if enabled) 
are Cleared by reading the Status Register and then the Receiver 
FIFO, or by writing a “1” into the Receiver Reset bit. The DCD 
status bit subsequently follows the DCD input when it goes 
“Low”. The DCD input provides character synchronization 
timing for the receiver during the external sync mode of 
operation. The receiver will be initialized and data will be 
sampled on the positive transition of the first full Receive Clock 


TxRs=1,RxRs=1 | 


Initialize Control 
Register C1, C2, C3 


Preset 3 Bytes 
Data to TxFIFO 
Program parameters 
to Control Register C2 










TxData 
RxData 





HD6852,HD68A52 
cycle after release of DCD (see Figure 7). 


@ Sync Mach/Data Terminal Ready (SM/DTR) 

The SM/DTR output provides four functions (see Table 4) 
depending on the state of the PC1 and PC2 control bits. When 
the Sync Match mode is selected (PC1 = “1”, PC2 = “0”’), the 
output provides a one-bit-wide pulse when a sync code is 
detected. This pulse occurs for each sync code match even if the 
receiver has already attained synchronization. The SM output is 
inhibited when PC2 = “1”. The DTR mode (PCI = ‘0”) 
provides an output level corresponding to the complement of 
PC2 (DTR = “0” when PC2 = “1”’.) (see Table 4.) 


@ Transmitter Underflow (TUF) 

The Underflow output indicates the occurrence of a transfer 
of a “fill character” to the Transmitter Shift Register when the 
last location (#3) in the Transmit Data FIFO is empty. The 
Underflow output pulse is approximately a Tx CLK “High” 
period wide and occurs during the last half of the last bit of the 
character preceding the “Underflow” (see Figure 4). The 
Underflow output pulse does not occur when the Tx Sync bit is 
in the reset state. 


® NOTE FOR USAGE _ 

If the hold time of CS signal and R/W signal is within 50~ 
230 ns, there is a case that Transmit Data FIFO is not cleared 
and TDRA flag is not set when software reset using TxRS 
(TxRS=1) is executed. Usual program for data transmission will 
start to send the data as shown in Fig. 11 and Fig. 12. 

In this case, the data of the first three bytes are not preset 
and unexpected data which is remaining in Transmit Data FIFO 
are sent in the first two bytes. 


RES a _- 

nn aS ae 
TxRs LLL SE: (aaa aaa, LETT 
Ray. “Da a ee 
MT a: TT SE WT a Ee 
Wila 
TRA Za OOO 


and let OTR output). 







Bere SEIS Data #1 Data #2 Data #3 Data #4 
Start to transmit and 
Receive 


\ 
(TxRs=0, RxRs=0) When address hold time is 


within 50~230 ns, sometimes 
TDRA flag is not set. 


Figure 11 Normal Flow of Starting Figure 12 Transmission Start Sequence 


the Transmission and Reception 


© DCD Input in External Synchronization Mode 

In case of receiving data in External Synchronization Mode, 
Receive data is put off by one bit at times, when DCD is drived 
like_f Lin RxCLK cycle in which RDA flag is set. 


In case of SSDA, Address Hold Time should be from 20 to 
50 ns or over 230 ns. 
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D, starts at RxCLK rise after DCD “W | 
(Usual Case) ry rise after DCD 


RxCLK 


- 


RxData OD, J D, D, D, 


RDA flag 


| 
R i f Recei 
Bh e ro eewea Read operation of Receive Data FIFO after 


operation of Status Register read operation of Status Register 
DCD incu ? (Data $FO) 


Read data is put off by one bit 


(Unusual! Case) J } 


RxCLK 
RxData OD, D, D, Dy D, D, D, D, D, D, D, 
RDA flag 
Read operation of Receive Data FIFO after ; . 
. : Read operation of Receive Data FIFO after read 
read operation of Status Register Operation of Status Register (Data $78) 
DCD input 





Figure 13 Exceptional External Sync Operation 


To avoid this case, use SSDA in the following method. 


(1) DCD “and RxCLK “1 should meet the relation shown 
in Fig. 14. 


DCD Sr ' 
‘ 


oe 2 ie Sh nsec 
1 


Figure 14 DCD Input Timing in External Sync Mode 


(2) RxData should be input regarding the second RxCLK rise 
as Dy bit, after DCD t_. 
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HD46508, HD46508-1, 


HD46508A, HD46508A-1 
ADU (Analog Data Acquisition Unit) 


The HD46508 is a monolithic NMOS device with a 10-bit 
analog-to-digital converter, a programmable voltage comparator, 
a 16-channel analog multiplexer and HMCS6800 microprocessor 
family compatible interface. 

Each of 16 analog inputs is either converted to a digital data 
by the analog-to-digital converter or compared with the speci- 
fied value by the programmable comparator. The analog-to- 
digital converter uses successive approximation method as the 
conversion technique. It’s intrinsic resolution is 10 bits but it 
can be 8 bits if the programmer so desires. The programmable 
voltage comparator compares the input voltage with the value 
specified by the programmer. The result (greater than, or 
smaller than) is reflected to the flag in the status register. 

The device can expand its capability by controlling the 
external circuits such as sample holder, pre-amplifier and 
external multiplexer. 

With these features, this device is ideally suited to applica- 
tions such as process control, machine control and vehicle 
control. 





HD46508P, HD46508P-1, HD46508PA, HD46508PA-1 





















Do Al, 
O, Al, 
@ FEATURES D, ve 
@ 16-channel Analog multiplexer 'D, a AN, 
@ Programmable A/D Converter resolution (10-bit or 8-bit) D, Al, 
, O A Al, 
@ Programmable Voltage comparison (PC) as . 
ion Ti ; HD46508 
@ Conversion Time 100us (A/D), 13us(PC) D, Al, 
@ External Sample and Hold Circuit Control CLK g Al, 
@ Auto Range-switching Control of External Amplifier aa BAN, 
° * ‘0 Al,; 
@ Waiting Function for the Settling Time of External RS, fe a a 
Amplifier cs, (16 J al., 
@ Interrupt Control (Only for A/D conversion) és, qj REF(+) 
@ Single +5V Power Supply = : | rat 
© Compatible with HMCS6800 Bus (The connection with Vee BO 5a EEL 
other Asynchronous Buses possible) 
(Top View) 
® BLOCK DIAGRAM 
agi Caoeter “ eamear ste Sv iivee! ® ORDERING INFORMATION 
(COMPIN) GND (Vgs) Non Linearity® 
ue Beppe CLK (1MHz) HD46508A 
(COMMON) HD46508A-1 
Aly ° 
Al, ¢ 
! 8 Cy De ~ 0» * Specification for 10 bit A/D conversion 
channel Fs 
roan | | oe 
mews plener 
: E 
{ cs, 
' c, 
Alis RS, 
Signel 
(GAINSEL) 
5V Analog GNO {NOTE} PC Data Data for programmable 
(REF(+)) (REF(-)) Mortege COMPETI PON: 
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8072 


“PY] Boley !YOeyH 


OOE8-SEr (80r) © LELGE VO ‘esof ues e anusAry 9/00 .O O1ZZ e 


IHOVLIH © 























D,~D, 
; : 
CS, 
IRQ Cs, 
( R/W CONTROL 
C. START RS, 
REG. 2 SYNCHRONOUS 
=2 ® CIRCUIT 
CLK CONT-/<— CD RS, 
ROL (Reg. 0) 
R/W 
| BASIC 
TIMING RES 
GENERATOR 
SUCCESSIVE 
APPROXIMATION 
REGISTER Al, 
| @®,® Al, 
EXPAND ” a ee a G1 
CONTROL eg.¥, 
(Reg. 0) 






ANALOG 
MPX 


MODE SELECT 
& GAINSEL 
CONTROL 






D/A 

(1024 LADDER 
RESISTANCE & 
DECODER) 


COMPARATOR Al 


15 


DO~D3 (Reg. 1) 
MI 


GAINSEL REF (+) REF (-) COMPIN COMMON : 
“‘206" : Fixed Data for Auto Range-Switching x 4 


“410” : Fixed Data for Auto Range-Switching x 2 


Figure 1 Internal Block Diagram 


L-V80S9V7CH V80S97GH 'L-80S970H'80S97GH 





# ABSOLUTE MAXIMUM RATINGS 


Input Voltage Vin” 
Analog Input Voltage 
Operating Temperature 


* With respect to Vss (SYSTEM GND) 


V 

V 

Vv 
° 


Cc 
°c 


HD46508,HD46508-1,HD46508A,HD46508A-1 


| Unit 


{NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 


If these conditions are exceeded, it could affect reliability of LSI. 


@ RECOMMENDED OPERATING CONDITIONS 


Item Symbol 
Supply Voltage Vec* 7 
Input “High” Voltage 
Input “Low” Voltage 


typ 


Analog Input Voltage Vain | 
Vcc Vec+0.25 


* 
Reference Voltage VREF(+) 


=1S 
r ir 
*! * 


= 
ony 


Vrer(—) 


* 
Voltage Center of Ladder Vreri+) + Vrer(-) 


‘@] 
< 
P) 
m 
= 
= 





- 

N) 
" 
is 
‘i 


Operating Temperature opr 


*With respect to Vsg (SYSTEM GND) 
@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS <1> (Voc = 5V + 5%, Vss = OV, Ta= -20 ~+75°C, unless otherwise noted.) 


Item Symbol 
Input “High” Voltage Vin ee 
a ae 


Input “Low” Voltage 
Do = -205uA 


pu ig oltage GAINSEL Vo lon 200UA 
| lon = -10pA Vec- 1. 
lou = 1.6 mA 
Vor = 
lot =3.2mA 
E, CLK, R/W 
Input Leakage Current RES, RSo, RS; 


V,, =0~5.25V 


Its) Vin =0.4~ 2.4V 


lLon Von = 2.4V 


t 


< 
QO 


Oo 
a) 


Output “Low” Voltage 


J 
-_ 
© 





Three-State (off state) 
Input Current 

Output Leakage 
Current 

Power Dissipation 





Input Capacitance = Vin = OV, Ta = 25°C 
Powieee RES, RS», RS, 


f = 1 MHz 





CSo, cs, 


Output Capacitance IRQ, GAINSEL 


Vin = OV, Ta= 25°C 
f= 1 MHz 


3 
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uA 


LA 


uA 


mW 
pF 


pF 


pF 
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@ DC CHARACTERISTICS <2> (Voc = 5V + 5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


lem | Test Condition | min | tye | max | Unit 


eat OV, 
Analog Multiplexer ON Resistance Vain = 5.0 3 kQ 
Vec = 4.75V, Ta=25C 
Vain = 5.0V 
Voc = 4.75V, Ta = 25°C nA 
OFF Channel Leakage Current COMMON = OV 















Vain = OV, Ta= 25°C 
Voc = 4.75V, COMMON = 5V =r | | ba 
Analog Multiplexer Input Capacitance ae a ee ee ee pF 
Ladder Resistance Vrer (+) = 9.0V pw | - | wo KO 
(from REF (+) to REF(-)) Vrer (-) =OV, Ta=25C 
@ CONVERTER SECTION (Ta = 25°C, Voc = Verity = 5.0V, teyec = Ips, unless otherwise noted.) 
1. 10-BIT A/D CONVERSION 
Resolution 2. 0 oe ee eee 
Zero-Error =e | see (58 
Quantization Ewer | - |- | | - | - | #2 | (se 
Absolute Accuracy * ae +4 a eae +2 +4 LSB 
2. 8-BIT A/D CONVERSION 
| 
Item Unit 
Resolution fe nee le bits 
Non-linearity Error * +18 =| 414 | - | 414 | 43/4 LSB 
Zero-Error +1/4 +1/2 LSB 
Full-Scall Error +3/8 +1/2 LSB 


Quantization Error 


* 


typ 
ssi [188 


ae ee 
ni [_- [| _- | =a [188 
a 


Absolute Accuracy 


3. PROGRAMMABLE VOLTAGE COMPARISON (PC) 


we HD46508A, HD46508A-1 HD46508, HD46508-1 
e 


Unit 

Pp min | tye max | min tv mex 
Resolution Cet Bose a ee 
NonlinearityError | = | 0/8 | tte | | tt | t/a | LSB 
Zero-Error a 3 2) 
Full-Sall Error [=| sim [ aye | - (| sa [212 | 188 


*Temperature Coefficient; 25 ppm of FSR/°C (max) 
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@ AC CHARACTERISTICS (Vcc= 5.0V + 5%, Vgg = OV, Ta = -20~ +75°C, unless otherwise noted.) 
1. CLOCK WAVEFORM 


eee Test F  eDt=00 CD*=1 Uni 


p_min | typ | max_| pmax 

CLK Cycle Time toved SS SO 
ae _  (oas [ - [45 [ 022 | - | 22 | us 
CLK “Low” Pulse Width] PWo. hie: (owe f= [ao | 20 ea pe 
Rise and Fall Time of 

- P-[-[#[ -[-[=T[- 
*CD: CLK Divider bit 

2.0V 2.0V 2.0V 
CLK 0.8V 0.8V 0.8V 
ter PWou ter PWeL 
teyec 


Figure 2 CLK Waveform 





2. IRQ, GAINSEL OUTPUT 


item [Symbol | Test condition | min | yp | max | Unit 
Teor a ST aS OT 


GAINSEL Delay Ti Fig. 4 P| - | - | 780 ns 
ela me ; 
| meine : | - | - | 780 ns 
tgsp1: TTL Load 
tgsp2: CMOS Load 
E 0.8V 


tir 


Figure 3 IRQ Release Time 
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(1) Sample & Hold b 


CLK 





GAINSEL 


*CMOS Load 


(2) x2, x4 Auto Range-Switching, Programmable Gain 


CLK | 0.8V 


Vecx0.7* 7 = 
¢ 
2.4V 


*CMOS Load 


tesp1 


tesp2 


Figure 4 GAINSEL Delay Time 


3. BUS TIMING CHARACTERISTICS 
READ OPERATION SEQUENCE 





ftom Symbol Pear iae HD46508A HD46508A-1 Unit 
min [eve [max | min [wp | max | 
Enable Cycle Time | 10; - | -_| 0.666 Fp — | — | Us 
Enable “High” Pulse Width (045/ — | -— | 028] - | —- | us 
Enable “Low” Pulse Width 040). =|) = | O28) a | oe.) us 
Rise and Fall Time of Enable a es eo ees ea ee ns 
Address Set Up Time Fig. 5 CO See es ns 
Data Delay Time | =| - | 320] - | - | 220] ns 
Data Access Time tacc a ns 
Data Hold Time Pits | io] - | -| 10} - | ns 
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WRITE OPERATION SEQUENCE 


Item 


Enable Cycle Time 


Enable ‘“‘High” Pulse Width 
Enable ‘‘Low” Pulse Width 


Rise and Fall Time of Enable aerate 3 


Address Set Up Time 
Data Set Up Time 
Data Hold Time 
Address Hold Time 


D,~0, 


Lo HD46508-1 
Symbol | tn | HD46508A HD46508A-1 Unit 
| min | typ [| max | min | typ | max | 
| 10] - | -|oese| - | - | us 
}045{ - | -|[o.280| - | - | os 
ie 040} — | - |o280} - | - | us 
| -| - | 2] -| - | 25 | ns 
| 140/ - | -| 10] - | - | ns 
| i195; - | -| 80/ - | - | ns 
tee = | tof} - | -| tol - | - [ns 
i tan | | wo] - | -| to] - | -|ns 
teycE 
2.0V 2.0V #-2.0V 
ter te¢ 
0.8V 0.8V 0.8V 
tas PWewH PWe L: 
toor taH 
2.0V 2.0V 
\ 0.8V 0.8V 
tacc tH 
2.4V " 
0.4V 0.4V 


Figure 5 Read Timing 
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teycE 
2.0V 2.0V 2.0V 
ter ter 
E 0.8V 0.8V 0.8V 
tas PWen PWeEL 
_ tosw taAH 
Cs,, R/W 
2.0V 2.0V 
RS,, RS, { ) 
0.8V 0.8V 
cs, 
tH 
4 
D,~D, 
Figure 6 Write Timing 
5.0V b 5.0V 
Re 
Re 
Test Point Test Point © 
Cc R Cc 
LOAD A (D,~D,, GAINSEL) LOAD B (IRQ) 
RL = 2.4k2 Ri. = 2.4k2 
R = 11k2 R = 3k2 
C = 130pF C == 100pF 
Diode = 182074@ Diode = 1$2074@) 
or Equivalent or Equivalent 
Test Point 
30pF 
LOAD C (GAINSEL) 
Figure 7 Test Load 
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= SIGNAL DESCRIPTION 


@ Processor Interface 
Data Bus (D)~D,) 

The Bi-directional data lines (Dp ~D-) allow data transfer 
between the ADU and MPU. Data bus output drivers are 
three state buffers that remain in the high-impedance state 
except when MPU performs a ADU read operation. 

Enable (E) 

The Enable signal (E) is used as strobe signal in MPU R/W 
operation with the ADU internal registers. This signal is 
normally derived from the HMCS6800 system clock (¢, ). 

Chip Select (CS), CS;) = 

The Chip Select lines (CSo, CS,) are used to address the 
ADU. The ADU is selected when CSp is at “High” and CS, is 
at “Low” level. 

Read/Write (R/W) 

The R/W line controls the direction of data transfer be- 
tween the ADU and MPU. When R/W is at “High” level, data 
of ADU is transferred to MPU. When R/W is at “Low” level, 
data of MPU is transferred to ADU. 

Register Select (RS,, RS;) 

The Register Select line (RSp, RS; ) are used to select one 
of the 4 ADU internal registers. Table 1 shows the relation 
between (RSo, RS) address and the selected register. The 
lowest 2 address lines of MPU are usually used for these 
signals. 

Reset (RES) 

This input is used to reset the ADU. An input “Low” level 
on RES line forces the ADU into following status. 

1) All the shift-registers in ADU are cleared and the conver- 
sion operation is stopped. 

2) The GAINSEL output goes down to “Low” level. The 
IRQ output is made “Off’ state and the Dp~D, are made 
high impedance state. 

Interrupt Request (IRQ) (Open Drain Output) 

This output line is used to inform the A/D conversion end 
signal to the MPU. This signal becomes active “Low” level 
when IE bit in the control register 1 is “1” and IRQ bit in 
the control register 2 goes “1” at the end of conversion. And 
this signal returns to “High” right after The MPU reads the 
A/D Data Register (R3). Programmable voltage comparison 


# FUNCTION OF INTERNAL REGISTERS 
e@ Structure 
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does not affect this signal. 
@ Analog Data Interface 
Analog Input (Alo~Al;5) 

The Input Analog Data to be measured is applied to these 
Analog Input (Alp~AI, 5 ). These are multiplexed by internal 
16 channel multiplexer and output to COMMOM pin. A 
particular input channel is selected when the multiplexer 
channel address is programmed into the control Register 1 
(R1). 

Multiplexer Common Output (COMMON) 

This signal is the output of the 16 channel analog multi- 
plexer, and may be connected to the input of pre-amplifier 
or sample/hold circuit according to user’s purposes. When no 
external circuit needed, this output should be connected to 
the COMPIN input. 

Comparator Input (COMPIN) 

This is a high impedance input line that is used to transmit 
selected analog data to comparator. The COMMON line is 
usually connected to this input. When external Pre-amplifier 
or Sample/hold circuit is used, output of these circuits may 
be connected to this input. 

Reference Voltage (+) (REF (+)) 

This line is used to apply the standard voltage to the in- 

ternal ladder resistors. 
Reference Voltage (—) (REF (—)) 
This line is connected to the analog ground. 


@ ADU Control 
Conversion Clock (CLK) 

The CLK is a standard clock input signals which defines 

internal timing for A/D conversion and PC operation. 
Gain Select (GAINSEL) (CMOS Compatible Output) 

This output is used to control the external circuit. The 
function of this signal is programmable and it is specified 
by (G1, GO) bits in Control Register 0. By using this output, 
user can control the auto-range-switching of external pre- 
amplifier, also control external sample & hold circuit, etc. as 
well. 


[NOTE] This LSI is different from other HMCS6800 family 
LSIs in following function 
e RES doesn’t affect IE bit of RO 


Table 1 Internal Registers of the ADU 


$b 


Control Register 0 
Control Register 1 


To | Ro om 
0 aa ae 
of 1] 1 [0 [na | Status & A/D Dats Register tH) | _O | 
0 C1 [ Ra | AMD Data Regier) | _O 

Pa [ra | Pc Dete Regier «| x 
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Control Register 0 (RO) 


Tels |e]sl2)ilel 
ie | co] 1 YYYYY «' | co| 


= 













Control Register 1 (R1) 


Status & A/D Data Register (H) 


(7 {6| 5 [4/3] 2 {1 /o | 
iralpsy |pco WGYY ov | ow | ca | C8 | 


A/D Data Register (L) 


7/6 {5 [4] 3]2\1 jo] 
Net 


a 


Mode Selec 

Not Used eae ge el 

Not Used eee 

Not Used epee ee 

Settling Time Not Available 
CLK Divider CLK 
Interrupt Enable* Mask 1RO 


Figure 8 Control Register 0 *RES doesn’t affect IE bit. 


eat 
MPX Channel! Address 
MPX Inhibit 

Prog. Comparator Select 


GAINSEL Enable 


See Table 3 
Inhibited 
Prog. Comparator mode 


Not Inhibited 
A/D Converter mode 


GAINSEL Enable GAINSEL Disable 


Short-cycle Conversion 8-bit Length 10-bit Length 


Figure 9 Control Register 1 


Upper bit (10bitdata) | sd 
Data Over Scale flag Within the scale 
Not Used eon eens) 


Programmable 


Comparator Output Vain > Vp 


Vain < Vp 


Busy flag Conversion Completed 


Vain: Unknown Input Voltage 
Vp: Programmed Voltage by R4 


C9, C8 bits are cleared when 8 bit A/D conversion is performed. 


Figure 10 Status & A/D Data Register (H) 


Lower order 8 bit Data (Normal 10 bit Conversion) 
8 bit Data (8 bit Short-cycle Conversion) 


Figure 11 A/D Data Register (L) 
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PC Data Register 


eet te 
| 87 | 86 | BS | B4| B3 | B2 | 
See 
, eee ae mer 8 bit Data for Programmable Voltage Comparison 


Figure 12 PC Data Register 
















SC bit SC = “1”, Short-cycle conversion 
(Short-cycle) (8 bit length) 
@ Description for the Internal Registers sc = "0", inca 
Control Register 0 (RO) (10 bit length) 

This Register is a 5-bit read/write register that is used to ‘GS bit GS = “1”, GAINSEL signal is 
specify Interrupt Enable (IE), CLK Divider (CD), Settling (GAINSEL Enable) enabled. The function of 
Time (ST) and Mode Select (GO, G1). This Register should GAINSEL is specified by 
be written before writing R1. (GO, G1) bits. 

GS = “0”, GAINSEL signal is dis- 
abled. (““Low” level) 
Pere PC bit PC = “1”, Programmable voltage 
IE bit: IE = “1”, Interrupt is r a (Program comparator) comparator mode 
(Interrupt Enable) ote through the eee PC = “0”, A/D conversion mode 
ee ae epee eee MI bit MI =“1", Internal MPX channel is 
CD bit: CD = “1”, CLK + 2 is used as internal (MPX Inhibit) inhibited in order to use 
(Clock Divider) nny COCK: external MPX channel. 
CD = “0”, CLK is used directly. MI = “0”, Internal MPX channel is 
ST bit: ST = “1”, First comparison is executed used. 
(Settling Time) after 1 expanded cycle in DO~D3 These bits are used to select the 
order to compensate exter- (MPX channel) particular MPX channel. 
nal amplifiers settling delay. 
ST = “0”, Cycle is not delayed. 
GO, G1 bit; These bits are used to specify the func- 
(Mode select) tion of GAINSEL signal when GS bit 
is “1” Table 3 MPX Channel Addressing 
Channel #1 | D3 D2 D1 DO Analog Input 
; 0 0 0 0 0 
Table 2 Function of GO, G1 1 0 0 0 1 Al, 
Gi | Go | Mode Select 2 0 o 1 0 Al, 
0 | oO | _ Sample & Hold 3 0 0 1 1 Al; 
0 | 1 | Auto Range-Switching x 2 4 o 1 0 oO Al, 
1 | 0 | Auto Range-Switching x 4 5 o 1 o 1 Als 
1 ae Programmable Gain Control 6 0 1 1 0 Al« 
7 0 1 1 1 Al, 
8 1 0 0 0 Al, 
9 1 0 0 1 Al, 
This register is an 8-bit read/write register that is used to : Al 
store the command for A/D conversion mode and program- " 1 0 ' he 
mable comparison mode. This register includes MPX channel 12 1 1 0 0 Ali 
address (Do~D3), MPX inhibit (MI), programmable com- 13 1 1 0 1 Alis 
parator select (PC), GAINSEL enable (GS) and short-cycle 14 1 ' 1 0 Alia 
conversion (SC) bits. When this register (R1) is programmed, : 
each conversion mode starts. 15 1 1 1 1 Alis 
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Table 4 Function Select 
| sc | Function _—|-GS_| 
ee 10 bit AD CONV. — 
DISABLE 


8 bit AD CONV. az 
ENABLE* 


hee | PROG. COMP (8 bit) DISABLE 


x = Do not care 
* = See Table 6 
{NOTE] CD bit and ST bit are effective in every case. 














DISABLE 
ENABLE* 








Status & A/D Data Register (H) (R2) 

This register is a 7-bit read only register that is used to 
store the upper 2-bit data (C8, C9), data weight (DW), data 
overscale (OV), programmable comparator output (PCO), 
busy (BSY) and interrupt request(IRQ). 


(C8, C9) These bits store upper 2-bit data mea- 
(Upper bit data) sured by 10 bit length conversion. 


DW bit 


: This bit indicates data weight when 
(Data weight) 


Auto range-switching mode is selected. 
This bit is set or reset when the con- 
version has completed. The conditions 
are shown in following Table. 

In this mode GAINSEL output also goes 
“High” or “Low” on the same condi- 
tion shown in Table 5. 

Other status of DW bit is shown in 
Table 6. 





OV bit This bit is set when analog data is 
(Over scale) greater than or equal to reference Volt- 

age (VrEF(+)): 

PCO bit This bit indicates the result of pro- 
(Programmable — grammable voltage comparison. 
comparator “1”->PCO Vain >Vp 
Output) “0” +PCO Vain<Vp 

Vain : Analog Input 
Voltage to be 
compared 

Vp : Programmed Voltage 
(R4) 

BSY bit This bit indicates that the ADU is now 
(Busy) under conversion. 

IRQ bit This bit is set when the A/D conversion 

(Interrupt has completed and cleared by reading 

Request) the R3. 


A/D Data Register (L) (R3) 

This register is an 8-bit read-only register that is used to 
store the lower 8 bits data of 10-bit conversion or full 8 bits 
data of the 8-bit conversion. 

PC Data Register (R4) 

This register is an 8-bit write-only register prepared for 
Programmable Voltage comparison. Stored data is converted 
to digital voltage, and compared with analog input to be 
measured. The result of comparison is set into PCO bit. 


Table 5 Data Weight (DW) Set or Reset Condition 


Mode ae met 


("1") Reset (“0"’) 
dena 8 410 410 
Auto Range-Switching (x2) Vain < 1024 * Vrer(+) Vain > 1024 ° VREF(+) 
206 206 
R -Switchi x4 Vain << —— 3 V Vi 
Auto Range-Switching (x4) Ain S194 | VREF(H) Ain> To5q ° VREF() 
Vain : Analog input Voltage to be measured 
Vrer(+) ° Voltage Applied to REF (+) 
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6LZ 


IHOVLIH © 


READ READ 


WRITE WRITE Reg 2 Reg 3 


Reg O Reg 1 
ry 


eZ CYOWZIIEE Uddddddddddddddcedcdddddecccddcddddddddde@ dda Lee tlld TTX XML 


; Conversion start 






Control 


Register 0 ae i F 


(RO) 
\ 


Control 


Register OQ EEE ht 


(R1) 
CLK i ; ' 


Conversion 


Cycle sacs: RRR NRE ERMINE 
Ancien | ee eee 


BSY 


IRQ — 


Status & A/D 


Basneaee ty) WEEE EEE dts VEEL Ga 


A/D Data 


rear (.) YL VMMMMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE, CLL 


Figure 13 A/D Conversion Timing Chart (Basic Sequence) 


L-V80S97GH V80S970H'‘L-80S97GH'80S97GH 


HD46508,HD46508-1,HD46508A,HD46508A-1 





@ A/D Conversion and PC sequence (t,,,.=1s) 
10 bits A/D Conversion 


Conversion Start Conversion End 


1) Basic Sequence 
SC = "0" 
ao 
GS = "0" 


2) Basic Sequence 
(When overscale 
is detected) 





t 
Overscale check Cycle 
(Analog Input is com- 
pared with Vaerc+).) 
3) Expanded Sequence 


SC = 8 ta 
( ST = 4 ” 
GS = 8 


4) Auto Range- 
Switching Control 





MSB cycle is expanded to compensate external amplifier’s settling delay. 






Sequence “GAINSEL” goes ‘‘High’’ according to the result of comparison. 
SC = “9” 
ST = “oO” 
a iN. i Auto Range- switching cycle 
= ayn (Analog Input is compared with 1/2 Vag) Or 1/4 Vreris) 


at this cycle) 





or 
GO= ‘1 ") 
G1 = “9” 
5) Auto Range- a) Analog Input < 1/2 VREF(+) or 1/4 VrRer(+) 
Switching & Expansion 
Control “GAINSEL” goes “High” 
Sequence 
SC = “0” 
ST =‘1" 
GS = "1" 
GO= ae 
G1='1" 
or 
ose = qt 
G1= "0" 





GAINSEL doesn’t go “High” 





* td*| 





6) Sample & Hold 
Control Sequence 


“GAINSEL” goes ‘’High”’ 


SC = 6 2? 
ST = "0" (LSB) 
GS = 4 o 

GO - A 8 hd ty = 5. 5us +tgsp1 or tesp2 

Gi = “10” 
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7) Programmable 
Gain Control “GAINSEL” always goes “High” 
Sequence 

SC = “0” 
ST = "0" 
GS = “nq oe 
GO = "q ee 
G1 = “nq oe 


8) Programmable 
Gain & Expansion 
Control Sequence 

SC = aigye 
ST = weg 
GS = a4 oe 
GO = aeq oe 
G1 = aq oe 





8 Bit A/D Conversion 


1) Basic Sequence 


SC = a | ve 
(st = “9” 





Additional conversion cycle 
for rounding the LSB — 1 Bit. 
+ 


2) Expanded Sequence 
SC = a ve 
(st = “1” 
GS = “0” 





Programmable Voltage Comparison 


1) Basic Sequence 





PC = ae or ) 
ST = “Oo” 
2) Expanded Sequence 
PC = a9 ”) 
ST = “4 oe 
= HOW TO USE THE ADU 1) Auto Range-Switching (Auto Gain) Control 
2) Programmable Gain control 
© Functions of GAINSEL 3) Sample & Hold control 
The ADU is equipped with programmable GAINSEL out- GAINSEL output is controlled by Mode Select bit (GO, 


put signal. By using GAINSEL output and external circuit, G1) when GAINSEL enable bit (GS) is “1”. 
the ADU is able to implement following control. 


Table 6 GAINSEL Control 


GAINSEL Control Mode 
Normal Use (GAINSEL is not used) 
| “High” Sample & Hold control 


fe et ol Auto Range Switching x 2 control 
ae Auto Range Switching x 4 control 


Programmable Gain control 





* GAINSEL goes ‘High’ or “Low” according to the condition shown in Table 5. 
** See, Table 5. 
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How to Control External Circuit 


(1) Sample & Hold Control (G1=0, GO=0) 

An example of Sample & Hold circuit is shown in Fig. 14. 
When ADU is set in Sample & Hold Control Mode, GAINSEL 
becomes “‘High”’ level on conversion and controls the data hold- 
ing. 


(2) Automatic Range Switching Control (G1=0, GO=1 or Gi= 
1, GO=0) 

The GAINSEL signal controls the external amplifier which can 
change the ratio of voltage amplification. (GAIN: 1 > 2 times or 
1 > 4 times). Fig. 15 shows Automatic Range Switching Con- 
trol. In this case, when the input voltage is lower than 206/1024 
VREF(+), GAINSEL becomes “High” level. This makes the GAIN 
of the amplifier change from 1 to 4 times, and 4 times value 
of the input voltage is A/D converted. Using this function even 
if an input signal is small, it is possible to execute A/D conver- 
sion in nearly full scale. In this mode, when GAINSEL signal 
becomes “High”, DW bit becomes “1” to show the range 
switching is in a progress. 


(3) Programmable GAIN Control (G1=1, GO=1) 

The GAINSEL signal is used for controlling the external 
amplifier of any GAIN which is fit to the system. 

In this mode, GAINSEL always becomes “High” at the 
beginning of A/D conversion, so the change of range is con- 
trolled by GS bit. Converted data need to be corrected in soft- 
ware in accordance with GAIN of the amplifier. 

This mode is effective in the case of converting very small 
input voltage. 

(Note) Refer to “ADU Function Sequence” (A/D Conversion 
and PC Sequence) for the timing in which GAIN- 
SEL signal becomes “High’’. GAINSEL signal becomes 
“Low” in accordance with “1” > “0” change of BSY 
bit. Refer to Fig. 13. 


x1 Sample & Hold 


+8V 
HA17902 


HD14066 


HA17902 


COMMON COMPIN 


Figure 14 Sample & Hold Circuit 











D14066 OR EQU 
ee) ee ce a) 






REF (-) |COMPIN 


Figure 15 Pre-amplifier Circuit 
(x1, x4 Auto-Range Switching) 


@ Overscale Check 

ADU is equipped with hardware overscale detection 
function. The overscale detection is performed auto- 
matically when the result of A/D conversion is 2"-1 (all 
bits = 1). When analog input Vai, is higher than VREF(+); 
overscale bit (OV) is set to “1”. The definition of the over- 
scale is illustrated in Fig. 17. And the flow of overscale 
check is shown in Fig. 16. 


A/D CONVERSION 
DATA SET 










1/2 15/8 3/4 7/8 8/8 overscale 
| i 


refers voltage 


Qn proc oc croc ee ere eee ee 
4044 il ideal transition 
= 
| | 
8 1101 
Qa | , overscale area 
8 101! | of the ADU 
4 
KE 100) I 
c : | 
= \ | 
ras) 011 i \ 
= | 
5 oe \ \ 
= } ! 
> 1 ! 
— a ! 
! 
000 7 
| 
| 
t 


VREF(+) 
R/2 R R= 3R/2 (FS) 


NORMALIZED ANALOG INPUT 
Figure 17 Definition ADU’s Overscale 
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@ Usage of the PC 
The ADU has a programmable threshold voltage com- 
parator (PC) function. The threshold voltage is pre-setable 
from OV to SV range with 8 bit resolution. The comparator’s 


output is stored into PCO bit at the end of comarison. 

The programmable voltage comparison time is so short 
that the interrupt is not requested at this mode. The end of 
comparison needs to be confirmed by reading the 1-0 transi- 
tion of the BSY bit in R2. 


to 
Reg. R2 ~ MPU 
sensers 


from 
MPU 





Figure 18 Function Diagram of the PC 


address 
ae \ PC=0 : A/D conversion mode 


O : 


Comparison Mode 


O 
PCO : Programmable comparator 
r2[ ra} esy[rcof | ov | ow} co] ca SReuuGk aks 
B,~B, : Vp setting byte (upper 
“[e.=[=.~[=[#[a| wheat 10 bt OIA 


Lower byte is set to 0) 





Figure 19 Registers of the PC Mode 


START 


Vp(R4) SET 
ADDRESS 
PC SET 






START 


Vp_(R4) SET 
ADDRESS 
PC SET 


Vain'Vp 


START 


Vp(R4) SET 


ADDRESS 
PC SET 






























< Vain: Vp 
Se 
Vain'Vp 
= 
oe READ 





TO NEXT PC AD CONV. ) 


(c) Check and A/D conv. 


(a) General PC 


(b) Window comparator 


Figure 20 PC Application Flow Chart Examples 
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START 


CH1 ADDRESS SET (8 bit A/D 
PC=0, SC=1 conversion) 


A/D CONV. 


R3-MPU 


MPU-R4 


CH2, ADDRESS _[ (Programmable 
Voltage 
PC=1 SET Comparison) 
Vain:VP 


IK 


0~PCO 1-PCO 


R2 READ 


TO NEXT PC 


(d) Voltage Comparison between two channels. 


Figure 20 PC Application Flow Chart Examples (continued) 


@ EXAMPLE OF APPLIED CIRCUIT OF THE ADU 


Signal 
Source 


@ How to use Mi bit 
MI bit (R1) functions as follows. 
MI =1: Internal MPX channel is inhibited in order to use 
attached external MPX channel. 
MI=0: Internal MPX channel is enabled. 


MI bit used to select either of External MPX and Internal 
MPX. External MPX is connected as follows. 


External MPX 






(Addressed at Ml=1) 


COMMON 


{NOTE] When external MPX is used as the way figure 20, 
1 dammy AD conversion or PC at MI=1 should be 
performed. 


Figure 21 How to use External MPX 





HD6800 


Figure 22 Single ADU System 
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mt, ee 
7 UL 










COMMON’ iRO 


COMPIN CLK 
GAINSEL REF(+) 

REF(-) 
x 


CLOCK 


+5V 
=k 








TRO COMMON’ =_—«s [RG 
{ 
| > PICOMPIN CLK 
AINSEL REF(+) 
REF(—) 
1 


Figure 23 Multi ADU System 


*SEE 
GAIN SEL 
USAGE 
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= DEFINITIONS OF ACCURACY 
Definitions of accuracy applyed to HD46508 are as follows. 

(1) Resolution ...The number of output binary digit. 

(2) Offset Error... The difference between actual input volt- 
age and ideal input voltage for the first transition. (when 
digital output code is changed from 000... 00 to 000... 
01.) 

(3) Full Scale Error...The difference between actual input 
voltage and ideal input voltage for the final transition. 
(when digital output code is changed from 111... 10 to 


Digitai Output Code 





bojaga Straight Line 


101 

100 

011 

010 

001 L2Gusainis Error Analog 
Input 
Voltage 

000 

O 1/8FS 3/8 FS 5/8 FS 
2/8 FS 4/8 FS 6/8 FS 





111...11.) 

(4) Quantizing Error...Error equipped in A/D converter 
inherently. Always +% LSB is applied. 

(5) Non-linearity Error...The maximum deviation of the 
actual transfer line from an ideal straight line. This error 
doesn’t include Quantizing Error, Offset, or Full Scale 
Errors. 

(6) Absolute Accuracy ... The deviation of the digital output 
code from an analog input voltage. Absolute accuracy in- 
cludes all of (2), (3), (4), (5). 


Digital Output Code Full Scale Error 








Ideal Straight Line 


Actual 


Analog 
Input 
Voltage 





Offset Error 


Figure 24 Definition of Accuracy 
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HD63084 


D|I PP (Document Image Pre-Processor) 


—PRELIMINARY— 


The HD63084 (DIPP) is an document image processor used 
as a peripheral of a microcomputer. It reads analog image signals HD63084P 
that have been photoelectrically converted by CCD line sensors 
or other optical devices, corrects the shading distortion of the 
signals, then converts the signals to digital form. 


® FEATURES 
@ High speed reading of image signals 
5M pixel/sec (at input clock frequency of 10 MHz) 
@ Highly accurate processing of image signals 
Peak level of image signals, 0.1V ~ 2.0V 
Built-in 8-bit peak value detection circuit 
Built-in 7-bit successive approximation pixel A/D and 
D/A converter 
Built-in 4-bit flash-type A/D converter (DP-64S) 
@ Various output modes 
Binary data output mode 
Dithered data output mode (Programmable dithered 














pattern of 16 pixel x 16 pixel) = PIN ARRANGEMENT 

4-bit coded data mode (16 gradations) 
@ Automatic judgement of horizontal and vertical resolutions RST Seas 
@ Interfaceable with either Motorola type or Intel type MPU LNSL = : me ea 
@ Programmable magnification and reduction rates PRD fy EAMAi0/MPRD 


Reduction of read image signal PWR 6.1)MA1;/PDEN/MBE 
: 0.125 ~ 1 times (about 1000 gradations) a 5] BF prc 
Magnification of image signal to be recorded MAS tne = oN 
: 1 ~ 8 times (about 1000 gradations) MAD; = 
@ Implements the following functions on a single chip MADs Ea TRIG 
(Built-in) sample and hold circuit MAD; 9 lout 
(Built-in) shading distortion correction RAM MAD, B4 AVss 
(Built-in) sensor interface mee ait 
Parallel to serial conversion of the image signal to be ; pa ISIN2 
dea Voo U4 81) Vet 
recorded. MAD; [3 6g AVpp 
@ 2.5 um CMOS process technology Vss {fe a5] PEAKO 
@ Single 5V supply MADo [77 ag] PEAKI 
TMSK ff Vee 
T/R CLK fig 46] DAo 
T/R DATA Ba 45) SLICE; 
T/R DRO BI 44] SLICE? 
RCLKI Ba aaVT 
TIMO B3 Ba) Vss 
Do 41j LNST/IWIN 
D; Bs 4 T/R SCAN 
D2 39 T/R DACK 
Ds 87 38} R/W 
Da Be 77}0S 
Ds Bg | RS 
De BCS. 
D7 BI 34] 68/80 
INT B2 333 Vop 


(Top View) 
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1.1 Absolute Maximum Rating 


1.1.1 Internal Digital Circuits 


= 


Supply Voltage -0.3 to +7.0 


Input Voltage 
Digital I/0 
Pins ) 


Input Voltage 
(piettet Input -0.3 to Vppt0.3 
Pins ) 
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1.1.2 Internal Analog Circuits 


(Voltages referenced to AVss = OV. Ta = 25°C) 


ma 
- Supply Voltage AVpp =O%3: to #730 ned 


Reference 
Wi Voltage vei QO. 3 to VpptO. 3 
BL 
Input Voltage 
VTA -0.3 to VpptO.3 V 






















d 
Ge ne) 
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1.1.3 Common Characteristics between Digital and Analog Circuits 

= 
Operating 0 

pal Seeetie, | me [orem |e 
Storage ° 

temperature rece a2 Go-a19 

Bt eee Pc 500 W 

Consumption *] ei ie 


*1) Ta = 25°C 



















Precaution in Using the DIPP 


o Applying overvoltage more than the maximum rating to the input terminals due 
to overshooting or under shooting may cause latch-up, electro-static break- 


down, etc. 


o Precaution is needed in noise protection and shield for the analog terminals. 


© HITACHI 
230 Hitachi America Ltd. © 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 





HD63084 


1.2 Electrical Characteristics 
1.2.1 Internal Digital Circuits 
1.2.1.1 DC Characteristics 


(Vpp=5.0V45%, Vgg=0V, Ta=0 to +70°C) 


eee 


ponte High 2 
Input Low 7 Vv e 
Ee tone 


Output High 
Voltage 






















Output Low 
Voltage 







Other output 
pins : Low 


Input Leakage Vpp=5.25V AG _ ch 
Voltage Vr =0 to Vpp x] 
Vpp=5+25V : | 
Three-State a Vo =Vpp 10 10 |] vA 
(Off State) 
loz. Vo =Vgg 10 10 | wA 




















Leakage Current 


*1) The minimum leakage current at pin 34 (68/80) is 


-100UA because it has an internal pull-up resistor. 
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1.2.1.2 AC Characteristics 


(Vpp=5 -OV+5Z, Vss=0V, Ta=0 to +70°C) 


(1) Motorola MPU Interface Timing (68000, etc.) 


Test Applicable 
t ° e cd 
Condition 


cS 
cS 
S 





Symbol | I/O 









et 
Bs 
ON eS oO oN 


DS to CS 

DS to CS 

Boia: fan tiesg: | tibial Le | 
DS to RS : 
Setup Time SRS 
DS to RS 

Hold Time 

Read Data Access 

Time CRAC6 
Read Data Hold i 
Time RH6 
Write Data Setup . 
Time WS6 
Write Data Hold é 
Time WH6 


DS to T/RDACK 
UsDK6 
Setup Time 


DS to T/RDACK 
Hold Time 






© 


© 
a 
wn 


3 
moot foo | 
nov fom [w [| 
Joa ns feo ow [= 
Jorn few [o[-]-[o 
ae 
ie 


ct 
Bs 
ep) 
Ov Oo 








I Fig. 1-2 (140) 


ct 
S 
va 
ON 
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Intel MPU Interface Timing (8080, 8086, etc. 


[i [oll [oe 
Bee [eb bent = elt 
Essie a ed aE 
BS, [om [ef | = [a 

Ea on 
pe a AN ES 
Bes [wale [reo[ @ | =[-[- 
Be fee eft = el Te 
Eee [em [sf [ = | | 

eae Se eS Sd 
Bre [wm [peo] = | »[-[-]~ 
Eee oun [0 [res [wen [= [= lm [ 
EE" Taw [o [rene fem [wl [- fo 
SSS [os [em fenm nl ff 
EE [we | [ream | | 

em [flee elf 
ee oe 

WR to T/RDACK 
a 
Br Tome [fre [omer onl [Po 
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(3) MPU Interface Timing (common to Motorola MPU and Intel MPU) 


BEREE™ [ow |e [ner | om [-[- [ol = 
gear [ow [o [oes [2mm [- | [= fo 
Erma em fo [mere | o [=[= [|= 


T/RSCAN input to 
INT Negative CINTL Fig. 1-6 INT 100 ns 
Edge Delay 
DS input to INT . 
pom [elas] om [+ [+ [o/ 


Negative Edge 
(4) Clock and Control Input Timing 


Delay 
Applicable 


Gol = | = | one 
tCYC 
iw) 

RST Pulse Width I } Fig. 1-7 Ce 

TRIG Pulse Width | t TRIG Fig. 1-7 TRIG 


*2) Both CLKI and RCLKI input frequencies provide duty cycle of 502. 




























TSCAN Pulse Width Fig. 1-7 T/RSCAN 
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(5) Serial Output Timing 


Test Applicable ; : 
CLKI Input to t : 
CLKI Input to t : 
PETS EP trp Fig. 1-8 | T/RDATA 200 | ns 
Delay 
DET OREPEG CTDH Fig. 1-8 | T/RDATA 250 | ns 
Hold 
TCLK Positive t ’ 
TCLK Negative t 
RCLK Output to t oe 
RCLK Output to t (200) 
RDATA Output ear 
RDATA Output (200) 
RCLK Positive t ; (200) 
RCLK Negative t ‘ _ (200) 


*3) Values for reference. 
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(6) Application Output and Sensor Interface Timing 


Fig. 1-10 
LNST/IWIN 250 


TG Output 
Positive Edge 
Delay 


¢TG Output 
Negative Edge 
Delay 


¢l Output Delay 
gl Output Hold 


@R Positive Edge 
Delay 


@R Positive Edge 
Hold 


Applicable 
Pin 


MAS /MDS Negative 
Edge Delay 


ezttette | ain| 
MAS/MDS Positive ig. 
Edge Delay | MAS /MDS ve 
LNSL 


MA8 /MIWR 
to MAl11/ 
PDEN/MBE 


MA8 to 11 Output 
Delay *4 





(To be continued) 
*4) Values for reference. 
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~~ 


ct 
ao) 
= 
oO 


(Cont inued ) 


rere 5 . 
4 


4 


Test Applicable 
Fig. 1-14 Lue 
Fig. 1-19 

etc. 
Fig. 1-14 wipes 
Fig. 1-14 MADO~8 
Fig. 1-14 MADO~-7 
Fig. 1-15 MBE 


Fig. 1-17| MAS/MDS 


Fig. 1-16 
MA9 /LNSTN 250 


LWR Positive 
Edge Hold 


MADO to 7 Delay tMAD 
MADO to 7 Hold "MAD 
MADO to 7 trps 
Setup Time 


MADO to 7 
Hold Time 


ChWwH 


ic) 
img 
ro) 
=| 
wn 
io) 5 


CRDH 


ri 


MBE Negative 
Edge Delay 


T/RDACK Input to 
MAS Negative Edge 
Delay 


T/RDACK Input to 
MAS Positive Edge 
Delay 


T/RDACK Input to 
T/RDRQ Negative 
Edge Delay 


CMBE 


=) 
i) 


Ww 


200 









CRASL 


Elf 




















MLNST Positive 


Edge Delay Fig. 1-17 





Fig. 1-16 


MLNST Negati 
i ecaiaal Fig. 1-17 


Edge Delay 


PRD Negative 
Edge Delay 


PRD Positive 
Edge Hold 


PWR Negative 


ct 
<< 
om 
zz 
7 














n 


S 
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Edge Delay i 

aera CpwH 0 | as —. PWR p= | = | 200 | ae | 
Ba fiw [o [resale [== [| = 
a [ow | [eel aware [| 
See ime [o [re nee [=| = [om | w 
tage belay [#0 [rigs xto|mmovmrms | — | | 250 | ne 
mr ow [o [oem] [| [we 
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(Note 1) Bus Timing Test Loads 


Other output and I/O pins 
DO to D7 pins (excluding analog pins) 


VppD 


Test point Test point 


Output 
pin 


| hana 


[Notes] 1. Cy includes stray capacitance caused by the probe and load 





capacitance. 
2. Diodes are 1$2074(@) or equivalents. 


(Note 2) 1/0 Signal Test Points 


Input 


Output 
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CwDs6 


DS(2) 
tsRwW6 CHRW "SRW6 “HRW6 
[ial Ba : |. 


Coccsg CHCS6 
cs - = 


=| tSRS6 poe HRSG 


ad rT 4 —Tp 


o—afizace CRH6 “WS6 [+>——=" }=— twH6 


tpsiL 
INT 





Note) T/RDACK input must be fixed high. 


Fig. 1-1 Motorola MPU Access Timing 


DS($2) / \ 
R/W \ / 


CHDK6 


T/RDACK \ / 


Note) CS input must be fixed high. 


Fig. 1-2 DMA Operation Timing (Using Motorola MPU) 
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DS (RD) 


R/W(WR) 


Do-D7 


iNT 


DS (RD) 


R/W(WR) 


T/RDACK 


Do-D7 


240 





twpss8 
ae — 
CsRC8 ! iT as CHWC8 
CSRR8 CHRR8 ++ “HWR8 
t 
ee tRH8 tysae——att Swe 
OUTPUT ( INPUT } 
CpSIL 


Note) T/RDACK input must be fixed high. 


Fig. 1-3 Intel MPU Access Timing 


—— 


( ourrur ) : ¢ input ) 


Note) CS input must be fixed high. 


Fig. 1-4 DMA Operation Timing (Using Intel MPU) 
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See tee Sats Sta I a ee a Se ee 084 


CLKI 


/RCLK tDROH 


T/RDRQ 
CDRQL 
T/RDACK ———— 2 


Fig. 1-5 T/RDRQ Output Timing 


CLKI 
CINTH 


INT 
CINTL 


T/RSCAN 


Fig. 1-6 INT Output Timing 
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Cove 
CLKI 
Crcyc 
RCLK 
Crsw 
trsw 
T/RSCAN 
CRsTW 
RST 
CTRIG 
TRIG 


Fig. 1-7 CLKI, RCLK, T/RSCAN, RST and TRIG Input Timing 
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CLKI 


TDATA 


TCLK 


Fig. 1-8 Serial Output Timing (in Read (T) Mode) 


~ — He 
as ae ae 
i ee ree 


ns ie, anon a 


RCLK 


Fig. 1-9 Serial Output Timing (in Receive (R) Mode) 
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CLKI 
TIMO ei 
CLN 
LNST/ IWIN (y 


Fig. 1-10 Application Output Timing 


CLKI 
toTD 
oTG 


to1D 1H 
1 
Note) The SMDO, SMD1 and SMD2 bits in the RO9 register 
must be 0,0 and O or 0,0 and 1 respectively. 
Fig. 1-11 TG and $1 Output Timing (1) 
CLKI 


COTH 


Note) The SMDO, SMD1 and SMD2 bits must be 0,1 and 
0 or 0,1 and 1 respectively. 


Fig. 1-12 TG and $1 Output Timing (2) 
CLKI 


Co1H 


aD a a 
| =| CORE 
CORD 
Fig. 1-13 1 and @R Output Timing 
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‘pry Bovey 1yoeIH 


O0E8-SEr (80) © LELSE VO ‘eSOf ues e anuaAy 9/001 .O O22 « 


SVC 


IHOVLIH @ 


CLKI 


MAS] /MDS 


LNSL 


LWR 


MADQ-7 


MA11/ 
PDEN/ [MBE] 





~ 


————_ rp 


t 
MADH 
tMADH Ene sh \ 


ADR.OUTPUT | DATA_INPUT ] YS DATA OUTPUT] DATA INPUT 


Fig. 1-14 Memory Bus Interface Timing in A Mode (1) During Image Data Processing 


v80E90H 


972 


IHOVLIH © 


O0Es-Ser (80r) © LELGE WO ‘eSOf ues & SNUeAY B/00L,O O1ZZ e ‘py BOVEWY 1yoRyH 


CLKI FLIP LSAT 


tMASD 
E 


/ups ia eerenenren nan canoe 
(NGG, Janeen ie ee ee 


MA8-10 gg een erences a Saeae 


tLRD 
L ARTE alegre 
LRD ee t 
LWR ae 
"MADD 
MADOQ-7 Lt DR OUTPUT ADR.OUTPUT Ct FX aR OUTPUT 
"DRQH 
at 
T/RDRQ 
"pRQL 


T/RDACK s a ee aaa, 


CMBEL 
MAH/PDEN/ 


Fig. 1-15 Memory Bus Interface Timing in A Mode (2) 
During Burst DMA Transfer 


v80E90H 


‘p}] Bouewy 1yoeyH 


00E8-SEr (807) © LELGE WO ‘eSOf UBS e anuadry a00L.O Olzz e 


Lvc 


CLKI 


MAQ/| LNSTN]| 


MAS / 


Cc 


RD 


5 


| 


rd 
w 
oO 


rg 
5 
Ww 


IHOV.LIH @ 


MADO-7 


MA8 / [MIWR] 


MA10/[MPRD] 
MA11/ /MBE 


CMLNH 


ee OF at oe 


— ae 


EAE a ro 





CMIWL 






Fig. 1-16 Memory Bus Interface Timing in B Mode (1) 
During 4-bit Coded Data Output 





tmMIwH 


v80€90H 


8vZ~ 


"py] Boe 1yoe}}H 


O0€8-SEr (80r) © LELS6 VO ‘eSOf ues e anusAY 8/00],.O OIZZ e 


CLKI 


MA9/| LNSTN 


MAS/ [MDS] 


IHOVLIH © 


MADQ-7 
MAS / [MIWR] 
MA10/ 


MA11/ 
/PDEN | /MBE 


T/RDRQ 


T/RDACK 


HIZ 


y80E90H 


CRTDR 


Fig. 1-17 Memory Bus Interface Timing in B Mode (2): 
During Burst DMA Transfer 


00€8-SEr (80h) © LELS6 WO ‘eSOf ues e enuadAy aj00L,O Ole? « “PI] Bovey 14oeIH 


6V2 


IHOVLIH @ 


CLKI 


MA9/ [LNSTNI 
MAS/ [MDs] 


LRD 


s 


PWR 


MADQ-7 


Mas /[MIWR] 
MA10/ [MPRD] 


MA11/ /MBE— 


tMLNH 
Ed ea 


pe et = 
Site bee 
CMIWL CMIWH 


CMPRH 


CPpDEL 


Fig. 1-18 Memory Bus Interface Timing in B Mode (3) 
During Pel Correction Data Detection 


ar) 
tt 


OUTPU 


Trap gd dit ae 


CMPRL 


I | 


v80E90H 


OSZ 


O0E8-SEr (80h) © ELSE VO ‘eso ues e anuaAy 8/001,0 O1ZZ « ‘pry eOUeWY IyoeyIH 


CLKI 


[MAS] /MDS 


IHOVLIH @ 


MADO-7 


Pct 


CMADD CMADH trps CRDH trps CRDH 

He nasa 

TtMADH 
FADR-M bata oot J} {ata Iw} {ADR )-——{ bata § (ao TCAD XAT OW)» (ata Tn) 
OUTPUT OUTPUT OUTPUT 


Fig. 1-19 Memory Bus Interface Timing in C or D Mode (1) 
During Image Data Processing 





OUTPUT 


( DATA IN } IN 





(DATA LN) IN 


v80€9GH 


00E8-Ser (80r) « LELS6 VO ‘eSOf ues e enueAy 9/00,,.0 OlZ2 e ‘P}] BOVEWY IYORH 


LGC 


© 


€? —8 


IHOVLIH 


CLKI 


LNSTN 


/MDS 


LNSL 


| 


rd 
-e) 
oO 


= 


MADO-7 


oe 






HHMI Don't care 


———y = = 
tMADD 
tap tMADD wi 
j—tuaon HAD "MADH 


——rt 0 f« | JADR.R DATA OUTPUT (ADR .) DATA OUTPUT DATA OUTPUT 
OUTPUT OUTPUT 


Fig. 1-20 Memory Bus Interface Timing in C or D Mode (2) 
During Pel Correction Data Detection 
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1.2.1.3 Capacitance 


= 
Input C 
Capacitance IN 
Output 

Capacitance 


* These parameters are sample values. 
















1.2.2 Internal Analog Circuits 


1.2.2.1 DC Characteristics 


; Test . 
Input if Vet =3.5V 
a 
> 


me [ [es [= pe 
soon [wm | [vs [= [oe 
/  YV 






















Input 
Voltage 
Range 






some [ase [fs [= [os 
ae a EC 
0.3 x O.7 x 
V 
wor [oo [| [so] = fo 
mA 


VIBL 






Output 
Current 











Supply 


Ips 
Current Ipp 


(to be continued) 
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(continued) 


Test 
Condition 


Resistance 
Chain Vpo 


Praxoe te? 0 


Resistance 

Chain Vp255 
Output Step 255 Meass 
Voltage Resistance 

ciate | “oO 

Step 0 

oo Resistance 
Chain Vp127 
Step: 127 
[sour 


Leakage 
Current SLICE1 Insu1 
SLICE2 Insu2 


1.2.2.2 AC Characteristics 


. Test : ; 

























Input 

Voltage foe oe eoek Yep | fez lOMH2 | 9.4 210° | ¥ 
Voltage 

Range 


: Image Signal 
Operating Reading 
Frequency Frequency 
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IHOV.LIH © 


YOOT, SUTSsao001g [eusTS SoTeuy JO uoTyeInstjuoy TeuoTyouny T-z °3tgq 


(PIN NO.) 
(51) VcL § 
(47) Vpr, b—H 
ocl—-q 
oCc2 C 
(53) a 
Sensor ie a 
Sensor — O 
output B (52) 
VcL 
VBL 
Vu 


VPEAK 


AGND 










R19 (7) 
MPUAE 


RIB 
Peak value 
ROA (2-7) 


Peak value 
limit 


ROA (0 
PEAKE 








ROO (1-3) 
Sensor type 


a 





Peak Value 
Detection 












YaINNOD NMOG/dn 











—— Vpy-1LO00mv 








APEAKE+ 
(WBSY + PELWR) 


RIC (0-6) 
Initial 
value 


| = eae at 
eee Se L 


Tout AVSS PEAKI 


(55) (54) 


Area of digitization 
by 4-bit A/D 


(48) 


PEAKO 
(49) 












DAO 
(46) 


R10-R17 
Dithered 


Cuding 
slice 
1 5 level 
ROB(O-3 1 
Binary 
Loding n 


slice DMODE1 
u 


level 































[4 bit D/A} 






ROB (4-7) 
Black-side }—» 
reference 
level 





me ional 
pr (= / 7) 
(15) 
(13) 


VV 


oO 
tm 
OQ 





rf = D0(24) 
peut ete as — site 
| O_frsnwae] 2 fs =p 
| Riso TK 
= ae os 
Ea —K 
1 S D7 (31) 
0 
MODE 
Mode 
1 oO] A] Binary,Dithered 
eee 





Binary ,Dithered 


WSLS 
E_SLICE1 (Binary coding for edge emphasis) 
SLICE2 (Dithered coding or 4-bit coding for edge emphasis) 


Unity Gain AMP 


o>- Analog Comparator 


Analog Switch 
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1.2 Relation between Horizontal Resolution Conversion Ratio (8) and Parameters 


Table 1-1 Relation between Horizontal Resolution Conversion Ratio (@) and 
Parameters (1) 


rE — pel pts fats Fetege ef 


ere ee ee ee a res a ee De ee 
eee eee en 
et ee a | I | Oe | 
p18 (5} 9 st 4t a pt ts48] 7 13 [6 [77 0 [B5+a4, B4>A3) 
FESS Sa OR: CO Kena 1S a 
SS 9 CC Ol Cen 
ore Se ee ee eee ae ee ee eee eee 
faa OR OH ee eT ee 
feos a doe Neer) 6s eal gare | 
Eee a 
SEE 5 i TC RN OPT SW WT 
S12 Be i a YO 
SS a a 
ee Es ee ee re be a ee ee ee 
ae oe eS ee ee ee ee ee 
eee oe 
Ee eee ee ee bee ee ee ee eee 
p55 [2 op eo 038] 3 22 5 | 7 | LA‘, B5>B4 
ee 
SS se SN 7 SEC SO 8 
| 6129/2 112 | 7} 5] 0 fAsBS 45 TE oT 7 of 
Be a ON CE 
ae ee ee i eC eee ee eee ee ee ee ee 
ae ee a oe ee en ee Eee ee 
RS ee (DE AR oe ey (ae eee a 22 a ee ee 
| 7073 13 {12 | 5 | 7] 0 1A3+A4, B4>BS [11.56 | 2424 fit | 3} oO | 
ode | ee ee  Oeer eg Oat 
ae OO ee OG 2 ey el) Ok BAS 
7614] 6t[1}3s]} 0 | }1,6363]2 1714131] 0 [Bs-a3 | 
See ee ee ee re Fe ee ee ee ee ee 
ee ee 
| 8163/51 9 | 4 | 5] 0 [paras 1.68751 2 112 [5 |e} o | | 
pA OLO7 5 NIT 5 Gs) Or Baas De 
tO 25) Sere eA ON ee Le O50 ee al 
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Da FRC ET RF DD ee 0-179 VD 
| 866 {7 113 [6 | 7] 0 jA3>B4, A4eBS 1.8 [214 1113} 0 | 
a ele 
el ee ee ee eee irae ee ee ee 
rs pest ato sors Pt 
Oe Pe ee 
a Se 
ak aes 
Se ee 
ele ae 
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eae 
fee ee 
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Table 1-1 Relation between Horizontal Resolution Conversion Ratio (8) and 
Parameters (2) 
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Table 1-1 Relation between Horizontal Resolution Conversion Ratio (@) and 
Parameters (3) 
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Table 1-1 Relation between Horizontal Resolution Conversion Ratio (8) and 


Parameters (4) 
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HD63085 
DICEP (Document Image Compression and 


Expansion Processor) 


— PRELIMINARY — 


The HD63085 (DICEP) is a LSI that compresses (or encodes) 
and expands (or decodes) the digital data representing a docu- HD63085Y-8 
ment image. The DICEP uses Modified Huffman (MH) coding 
scheme, Modified Relative Element Address Designate (MR) 
coding scheme and Modified MR (M?R) coding scheme which 
are compatible with the CCITT (Comité Consultatif Interna- 
tional Télégraphique et Téléphonique) recommendations for 
Group 3 and Group 4 facsimile apparatus. 

As the DICEP stores coding and decoding algorithms in the 
microprogram ROM as firmare, a single MPU command allows 
this LSI to encode or decode a scan line of digital data. 

This LSI is suitable for Group 3 and Group 4 facsimile appa- 
ratus, file serves, intelligent copies, terminals, word processors, 
laser beam printers and other office automation systems. 

(PC-72) 
= FEATURES 
®@ Various coding schemes ..... MH, MR, M?R and Run 

Length coding e@ PIN ARRANGEMENT 
@ Compatible with the CCITT recommendation for Group 3 

and Group 4 facsimile apparatus 
@ Interfaceable with either Motorola type MPU or Intel type 

MPU 
@ DMA capability through the document image bus 

4M Byte/sec (at input clock frequency of 32 MHz) 
@ A variety of programmable parameters 
* The length of a scan line : 0 ~ 65535 bits 
The number of RTC or EOL code words: 0 ~ 65535 
Programmable starting address 
Coding and decoding of a desired part of a document 
®@ Selectable document image bus size 
Document image bus : 8 bits or 16 bits 
System bus : 8 bits 
@® 64K Bytes of document image memory is available inde- 
pendently of the MPU 
@ 2 um CMOS process technology 
® Single 5V supply 
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1.1 Absolute Maximum Rating 


260 










Input Voltage ~0.3 to +7.0 


V 
Temperature 


Temperature 
* Voltages referenced to Vss=OV. 






UW 














<Recommended Operating Conditions> 


: Hil Nan Ball 
Input Voltage 
bead 


Operating 
Temperature 











* Voltages referenced to Vss=OV. 
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1.2 DC Characteristics 


ict aa bi 
1 Input High 
Voltage 
2 Input Low 
Voltage 


Input Leakage 
Voltage 


( VDD=5.0V+5%, Vss=0V, Ta=0 to +70°C ) 


Test Conditio 








Symbol 





ped 
rh 
ct 
< 
Oo 
<= 
7] 
] 
) 





~—F 








Three-State 
(Off State) 
Leakage Current 


i 

i 
Output High 
Voltage 


Itsi 





Output Low 
Voltage 
Standby Current! IDDS 


Power 
Dissipation 


<Capacitance> 


IOL= 2mA i 


iy 
oe aaa al 
aan 
Sik all Soult 


2 0 bar 
Capacitance 


3 j capacitance, bor 
j capacitance, 


* These paremeters are sample values. 
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1.3 AC Characteristics 


1.3.1 Clock Timing 


( VDD=5.0V4+5%, Vss=0V, Ta=0 to +70°C unless otherwise noted.) 


Item Symbol |] Test j j Application 
Condition Terminal 
HCLK Cycle ¢ 4CLK 
Time 


4CLK Pulse PWH 
Width PWL 
YCLK Rise 

Time 

UCLK Fall 

Time 
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1.3.2 System Bus Timing 
1.3.2.1 Using a Motorola MPU (68000, 6800, etc.) 


( VDD=5.0V+5%, Vss=0V, Ta=0 to +70°C Cout=140pF unless 


otherwise noted.) 
Applicatio 
Terminal 


Item Symbol | Test typ 
Condition 
DS Cycle tCYCE 500 =} 
Time 
ae 
DS Pulse PWEH Fig. 1-2 220 DS 
Width PWEL | pip! ius 
DS Rise or Fig; 42 25 DS 
Fall Time Fig. 1-5 
Address 
Setup Time 
Address 30 CS; A0-A2, 
Output Data] tDDR 180 DO-D7 
Delay Time 
Output Data tDHR 10 
: aa 1-2 
Input Data tDSW 
Setup Time 





Unit 















Release 
Time 
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264 


1.3.2.2 Using and Intel Type MPU (8086, 8080, etc.) 
( VDD=5.0V4+5%, Vss=0V, Ta=0 to +70°C Cout=140pF unless 
otherwise noted. ) 


Item Symbol | Test min | typ Unit 
Condition 
Address tAR Fig. 1-3 
Setup Time 
Address tRA 
Hold Time 
RD 


Output Data 
Delay Time 


Output Data tDR 
Hold Time 
Read Pulse tRW 
Width 
Adress tAW 
Setup Time 
Address tWA Fig. 1-4 
Hold Time 
Input Data tWD , 
setup Time 
Input Data tDW 
Hold Time 
Write Pulse tWW 
Width 
IRQT Releasq tIRQT 
Time 
DACKI Setup | tAR 
Time Fig. 1-6 
DACKI Hold tRA ; 
| Time Fig. 1-6 
DACKI Setup tAW 
Time Fig. 1-7 
DACKI Hold tWA 


DRQTO tDRQTO 
Release Time 


Terminal 


CS, AO-A2, 


—~] 
O 


Ud 


CS, AO-A2, 


t DO-D7 
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1.3.3 Document Image Bus Timing 


otherwise noted. 
However, the values in the parentheses are the values 
at Cout=50pF. 


Symbol | Test 
Condition 

Address Enable p vows Fig. 1-8 
Active Delay tDAEL Fig. 1-9 
Time 
Address Enable Fig. 1-8 
Inactive Delay tDAEH Fig. 1-9 
Time 
Address Strobe p eoasn| 38 
Active Delay tDASH 
Time 
Address Strobe ae 
Inactive Delay tDASL Pig 
Time 


Data Strobe 
Valid Delay 
Time 


Data Strobe 

Active Delay tDDSL 

Time 

Inactive Delay tDDSH Fig. An 9 
' Time 


Data Strobe 

Float Delay 

Time 

Data Enable 

Active Delay 
Time 


Data Enable 
Inactive Delay tDDEH | Fig. 1-8 
Time 
Read Valid __ 
Delay Time tDRDV ae a = (60) ns IOR, MR 
Read Active 
: Fig. 1-8 
Delay Time tDRDL Fig. 129 
Read Inactive 
; Fig. 1-8 
Delay Time tDRDH | Fig. 1-9 


Read Float 
Delay Time 


VDD=5.0V+5%, Vss=OV, Ta=0 to +70°C, Cout=140pF ml 





(to be continued) 
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“or 


continued) 


Item Symbol | Test min | typ Uni 
Condition 
Write Valid Fig. 1-8 
Delay Time tDWRV | Fig. 1-9 
Write Active Fig. 1-8 
Delay Time tDWRL | Fig. 1-9 
Write Inactive Fig. 1-8 
Delay Time tDWRH | Fig. 1-9 (80) 


pa 
~ 


pplicatio 
erminal 


ji P 


re 
O 
. 
=| 
= 


~] 
© 
—_ 
= 
© 
0) 
tH 
O 
= 
=a 
= 


rH 
O 
bs 
Z| 


Write Float Fig. 1-8 

Delay Time tDWRX | Fig. 1-9 ( ) 
Address Valid Fig. 1-8 
Delay Time tMAV Fig. 1-9 
Address Hold Fig. 1-8 

Delay Time tMAH | pig. 1-9 | 25 | (50) ns | MA/MD15 
Data Setup MA/MDO - | 
Time (Read) |} tDSR Fig. 1-8 10] (1 MA/MD15 
Data Hold 

Time (Read) tDHR Fig. 1-8 70 | (70) 

Data Delay MA/MDO - 
Time (Write) tDDW Fig. 1-8 (95) | 170 ns MA/MD15 
Data Hold 
Time (Write) tDHW Fig. 1-8 15 | (15) 

DMA Acknowlege 
Active Delay tDAKL Big. 1-9 
Time 
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WN 
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oO 
etelelelele| ? 
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7) 00 
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oO 
oO 
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MA/MD15 


>) 

<= 
> 
SN 
= 
ow 
—- Oo 
wn 

1 








2 (60) | 140 DACKO 
DMA Acknowlege 
Inactive Dela tDAKH Fig. 1-9 (65) | 140 DACKO 
Time 


DMA Active 

Delay Time tDDMAL Fig. 1-9 (80) | 140 
DMA Inactive 

Delay Time tDDMAH Fig. 1-9 


SS 
7) 


oO 
= 
> 


DTC Active 4CLK | 4CLK 
Delay Time | tDDTCH | Fig. 1-9 + 75 | +140 
tDDTCL Fig. 1-9 - (50) | 130 
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DTC Inactive 
Delay Time 






DTC 


oO 
3 
?) 


4CLK 


DS 


R/W 
A0-A2 


DO-D7 


DO-D/7 


(DICEP + SYSTEM BUS) 


IRQT 


(SYSTEM BUS > DICEP) VIL 


HD63085 


tr PWH tf 


PWL 
$4CLK 


Fig. 1-1 Clock Timing 


tCYCE 
£} PWEL tErle———_ PWEH 
VI 
VIL 
tAS tAH 
VIL 
ence 
i a a a 
A vIL a 
tAS K—tDSW 


| ee 






tDHR 


tIRQ 


VOL 


Fig. 1-2 System Bus Read/Write Timing 
(68 Type MPU) 
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tAR 


tRA 
cs 
VIL Li tRA 


<M |X 
tRW 


DS 
VIL 


tRD tDR 
VOH 
- <i [p 


(DICEP > SYSTEM BUS) tIRQT 
IRQT 
VOL 


Fig. 1-3 System Bus Read Timing 
(80 Type MPU) 


ee tWA 
cs VIL 
ome | «LC 
tWW 
aia VIH 
VIL 

WD tDW 

is BUS > DICEP) | vu : b 


Fig. 1-4 System Bus Write Timing 
(80 Type MPU) 
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tCYCE 
tE PWEL tEr PWEH 
VIH 
DS 
VIL 
tAS tAH 
DACKI 
VIL 
E LAH 
: : TK 
R/W VIL /\ 
tAS —> tDSW 
tDHW 
DO-D7 ees ase se seth, . 
(SYSTEM BUS ~ DICEP) VIL 
tDDR tDHR 
DO-D7 a (a 
(DICEP > SYSTEM BUS) 
tDRQT 
DRQTO jek 


Fig. 1-5 System Bus DMA Timing 
(Motorola Type MPU) 
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tAR a 
tRW 
DS VIH 
VIL | 
tRD => ia tDR 
VOH 
DO-D7 i ( | 
(DICEP>SYSTEM BUS) 
tDRQTO 
DRQTO 
VOL 
Fig. 1-6 System Bus DMA Timing 
(DICEP— SYSTEM BUS) 
(80 Type MPU) 
tAW ” ‘se 
DACKI VIL | 
_ VIH nee 
R/W VIL 
tWD tDW 
VIH 
DO-D7 DD te 1) 
(SYSTEM BUS >DICEP) 
tDRQTO 
DRQTO VOL 


Fig. 1-7 System Bus DMA Timing 
(SYSTEM BUS DICEP) 
(Intel Type MPU) 
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4CLK 


MAEN 


te 7 


UDS 


LDS 


MDEN 


canna: 
i P) 
iH 
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fa 
SS 
mm 
ne 
< 
KH 
nm 
ct 
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Vo 
VOL 


a 


MA/MDO - 
MA/MD15 


Fig. 1-8 Document Image Bus Read/Write Timing 
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4CLK 


MAEN 


DACKO 





TT sl 
DTC or 


Fig. 1-9 Document Image Bus DMA Timing 
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P|/T (Parallel Interface Timer) 


The HD68230 Parallel Interface/Timer provides versatile double 
buffered parallel interfaces and an operating system oriented 
timer to HD68000 systems. The parallel interfaces operate in 
unidirectional or bidirectional modes, either 8 or 16 bits wide. 
In the unidirectional modes, an associated data direction register 
determines whether the port pins are inputs or outputs. In the 
bidirectional modes the data direction registers are ignored and 
the direction is determined dynamically by the state of four 
handshake pins. These programmable handshake pins provide 
an interface flexible enough for connection to a wide variety 
of low, medium, or high speed peripherals or other computer 
systems. The PI/T ports allow use of vectored or autovectored 
interrupts, and also provide a DMA Request pin for connection 
to the HD68450 Direct Memory Access Controller or a similar 
circuit. The PI/T timer contains a 24-bit wide counter and a 
5-bit prescaler. The timer may be clocked by the system clock 
(PI/T CLK pin) or by an external clock (TIN pin), and a 5-bit 
prescaler can be used. It can generate periodic interrupts, a 
Square wave, or a single interrupt after a programmed time 
period. Also it can be used for elapsed time measurement or 
as a device watchdog. 


@ FEATURES 
@ HD68000 Bus Compatible 
@ Port Modes Include: 

Bit 1/O 

Unidirectional 8-Bit and 16-Bit 

Bidirectional 8-Bit and 16-Bit 
Selectable Handshaking Options 
24-Bit Programmable Timer 
Software Programmable Timer Modes 
Contains Interrupt Vector Generation Logic 
Separate Port and Timer Interrupt Service Requests 
Registers are Read/Write and Directly Addressable 
Registers are Addressed for MOVEP (Move Peripheral) and 
DMAC Compatibility 


Mi TYPE OF PRODUCTS 





Bus Timing 








HD68230P-8 _ 
HD68230P-10 





—PRELIMINARY— 


HD68230P8 HD68230P10 


(DP-48) 





(Top View) 
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@ Pl/T SYSTEM BLOCK DIAGRAM 


PAo~7 
PBo~7 
H1 
H2 
H3 
H4 


PC3/TOUT PCa/DMAREGO 
PC2/TIN 
HD68230 PI/T PC, 

PCo 





DTACK 
RESETCLKVcec Vss 


@ BLOCK DIAGRAM 





CSDTACKR/W Do Di: D2 Ds Da Ds De D7 


Data Bus Interface and 
= | Interrupt Vector Registers 


Port Internal 
Interrupt/ Data Bus 
DMA 
Control 
Logic 





Vss RESET CLK 
poy 4 


PAo 
PA; 
PA2 
Port PA3 


PAs 
PAs 
PA? 


















—=*—-Vec 








Handshake 
Controllers 
and 
Mode Logic 






Handshake 
Interface 
Logic 






PBo 
PB, 
PB2 
PB3 
PB4 
PBs 
PBe 
PB7 


Port C and Pin Function Multiplexer 


PC7/_ PCe/_ PCs/ PCa/___—PCa/ PC2/ PC: PC Ye Je, a 
TIACK PIACK DMAREO TOUT TIN 1 ros RS1_=«RS2_=~RS3 RS4_ RSS 
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Hj ABSOLUTE MAXIMUM RATINGS 


Supply Valags v 
input Voltage 


* With respect to Vsg (SYSTEM GND) 


(NOTE) This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it 1s advised 
that normal precautions be taken to avoid application of any voltage higher than maximum-rated voltages to this high impedance circuit 
Rehability of operation is enhanced if unused inputs are tied to an appropriate logic voltage level! (e.g., either Vss or Vcc). 


< 


O;O 


M} RECOMMENDED OPERATING CONDITIONS 


SR ca 91 a ee ea 
ee OS A BS OE 


* With respect to Vgg (SYSTEM GND) 


Mi ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5V +5%, Vsg = OV, Ta = 0 ~ +70°C unless otherwise noted.) 


BA 


pA 
mA 











input “High Voltage SSSOSCSC~SS | SCSCS~*d( OT | Vee | 
Input Leakage Current Ue el Lin =a 
Vin=04~24vV | — | 

Input Current H2, H4, PAg-PA,, PBy -PB, qst | -0.1 | 

Dy-D,, DTACK lon = -400uA 
Output “‘High’’ Voltage | PAy-PA,, PBy-PB7,H2, H4 VoH_ | lon =- 150A Vss+2.4 

PCy -PC, lon = -100LA 

Dy-D,, DTACK , : 
PAy-PA,, PBy-PB,, H2, H4 ve 
Cin eee 






Output “Low” Voltage 






Vin=0~ 5.25V 
Three-State (Off State) {|DTACK, PC,-PC,, D,)-D =0.4~ 2. 
PC; /TOUT, PC, /PIRO 
PCy -PC,, PCy, PC,, PC, 





mW 
pF 





Power Dissipation PINT 


Capacitance (Package Type Dependent) | Cin | Vin = OV, Ta= 25°C 


< 


@ CLOCK TIMING 


8 MHz 10 MHz 
Characteristic Symbol HD68230P-8 HD68230P-10 Unit 


Gyete Time [tere [| 75 | 500 ~| 100 ~—<s00~«d| 

Clock Pulse Width Peter SCT HCE Ge TO * 
ton [8580880 

Clock Rise and Fall Times 2} % 
oe fe 
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Figure 1 Input Clock Waveform 


@ AC CHARACTERISTICS (Vcc = 5V +5%, Vgg = OV, Ta= 0 ~ +70°C unless otherwise noted.) 


8 MHz 10 MHz 
No. Characteristic HD68230P-8 HD68230P-10 Unit 























i |_RIWAST-ASE Valdto Siow GeupTime) SSCS OY dd 
211) | 8 Low to R/Wand AST-RSS Invalid (Hold Time) SS 17 | | es | i 
Sri | CS Low to CLK Low (Setup Time) SSCS SP 
412) | C8 Low 10 Date Out Vaid (Belay) SSS df | 
§ | RSI-SS Valid to Date Out Vala (Delay) SSS | Af | 100 
6 | CLK Low to DTACK Low (Read/Write Gyeie (Dov Sid | 70 | 8 60 | ne 
Tea) |_DTACK Low to GS High (Hold Time) SSCS 
3 | GB or PIACK or TIACK High to Data Out valid (Hold Time) ———~—SCS~ir SP 
9 CS or PIACK or TIACK High to Do-D7 High impedance (Delay) | — | 50 | — | 45 | ns 
10 CS or PIACK or TIACK High to DTACK High (Delay) | - | 50 [| - | ns 
11 CS or PIACK or TIACK High to DTACK High Impedance (Delay) | — | 100 | — | ns 
12 Data Invalid to CS Low (Setup Time) | o f| = {| 0 | ns 
13 CS Low to Data in Invalid (Hold Time) | 100 | - | 65 | ns 
14 Input Data Valid to H1(H3) Asserted (Setup Time) | 100 | -— | 60 | ns 
15 H1(H3) Asserted to Input Data Invalid (Hold Time) | 20 | -— | 20 | ns 

Handshake Input H1(H4) Pulse Width Asserted | 400 | ns 


17 Handshake Input (H1-H4) Pulse Width Negated 
18 H1(H3) Asserted to H2(H4) Negated (Delay) 
19 CLK Low to H2(H4) Asserted (Delay) 

20(*4) H2(H4) Asserted to H1(H3) Asserted 


ns 
ns 
ns 
ns 


—_ 
Oo 


tees 

ee) 

ied 
8 ae 

(See Figures 18 and 19) 
z aoa CLK Fer 
24 | CLK Low to Output Data Valid (Delay) (Modes 0,1) 130 [— r 
25(°9,"1ai] Synchronized H1 (HS) to Output Date Invalid (Modes, 77_——SC~dCS || CLK Pa 
25 | HI Negated o Output Da Valid Moses?) SSC «dt i : 
71 | Hi Assorted to Output Dats High Impedance (Woes 37 _————S<dT [| 8 | | 
22 | Read Date Valid to DTACK Low (Setup Time) SCS id 
28 | CLK Low to Deta Output Valid (Interrupt Acknowledge Gye) | =| v2 | - | 100_[ 
3017) | HIM) Anerted to CLK High (Setup Time) ———SSSSS~d S| 
31 | PIAGK or TIAGK Low to CLK Low (Sewp Time) ————S SY 
etme eg ee ee, oe ee 
(See Figures 18 and 19) 

$5(°8.712)| Synohroniwa H1 (HD) to CLIC Low on which HOTHA) is Aweried | 88 | 48 | 38 | 48 | GLKPe 
34 [CLK Low to DTACK Low (interrupt Acknowledge Gyele) (Delay) | _- | 78 | - | 0 | 
25° | CLK LowtoDMAREGLow (Dey) SSSSSCSCSC~sC | tf | 100 | 
36 | CLK Low to DMAREG High (Delay) SSCS] 100 | 
“[B]_[ TIN Frequency (External Cock) — Prescaer Used SSCS _| Rete) 
=] TIN Frequency (External Glock) — Prsesler Notured __———S—S*i | 1 | 8 | Ra | FelkIraT) 
= [TIN Pulse Width High oF Low (External Clock) SSCS Yd 
=| TiN Pulse With Low (RunvHaie Contra —————SSSSCSCSCSCS 1 | | te 
_ CS, PIACK, or TIACK High to CS, PIACK, or TIACK Low | 50 [| -— | 30 [| - | ns 
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This specification only applies if the PI/T had completed all operations initiated by the previous bus cycle when CS was asserted. 
Following a normal read or write bus cycle, all operations are complete within three CLKs after the falling edge of the CLK pin on 
which DTACK was asserted. If CS is asserted prior to completion of these operations, the new bus cycle, and hence, DTACK is 
postponed. 

If all operations of the previous bus cycle were complete when CS was asserted, this specification is made only to insure that 
DTACK is asserted with respect to the falling edge of the CLK pin as shown in the timing diagram, not to guarantee operation of 
the part. If the CS setup time is violated, DT ACK may be asserted as shown, or may be asserted one clock cycle later. 

Assuming the RS1-RSS5 to Data Valid Time has also expired. 

This specification imposes a lower bound on CS Jow time, guaranteeing that CS will be low for at least 1 CLK period. 

This specification assures recognition of the asserted edge of H1(H3). 

This specification applies only when a pulsed handshake option is chosen and the pulse is not shortened due to an early asserted 
edge of H1 (H3). 

CLK refers to the actual frequency of the CLK pin, not the maximum allowable CLK frequency. 

If timing number 30 is violated, H1(H3) will be recognized no later than the next rising edge of the clock. 

This limit applies to the frequency of the signal at TIN compared to the frequency of the CLK signal during each clock cycle. 

If any period of the waveform at TIN 1s smaller than the period of the CLK signal at that instant, then it is likely that the timer 
circuit will completely ignore one cycle of the TIN signal. Since the frequency measured by a frequency counter is the average 
frequency of a signal over a specific length of time, the actual frequency at any one time will vary above and below the average. 
These variations occur in both the TIN and CLK signals. 

If these two signals are derived from different sources they will have different instantaneous frequency variations. In this case the 
frequency applied to the TIN pin must be distinctly less than the frequency at the CLK pin to avoid lost cycles of the TIN signal. 
Measurements have shown that with signals derived from different crystal! oscillators applied to the TIN and CLK pins with fast 
rise and fall times. The TIN frequency can approach 80 to 90% of the frequency of the CLK signal without a loss of a cycle of the 
TIN signal. 

If these two signals are derived from the same frequency source then the frequency of the signal applied to TIN can be 100% of 
the frequency at the CLK pin. They may be generated by different buffers from the same signal or one may be an inverted version 
of the other. 

The TIN signal may be generated by an ‘AND’ function of the clock and a control signal. 

This limit applies in every case. There are no exceptions to this specification. 

if a bus access and peripheral access occur at the same time, add one clock to specifications 22 and 33. 

See BUS INTERFACE CONNECTION section for exception. 

This Limit specifies the nominal outputing in PI/T clock cycles. To obtain the output timing in nanoseconds, add or subtract the 
appropriate setup time and/or propagation time from the signals to the respective clock edges. 


® 


Rint —"\all 







Figure 2 Bus Read Cycle Timing 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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Figure 3 Bus Write Cycle Timing 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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Figure 4 Interrupt Acknowledge Functional Timing Diagram 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless other wise noted. 
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Figure 5 Peripheral Interface Input Timing 
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Figure 6 Peripheral Interface Output Timing 


MB GENERAL DESCRIPTION 

The PI/T consists of two logically independent sections: 
the ports and the timer. The port section consists of Port A 
(PAy.,), Port B (PBy.7), four handshake pins (H1, H2, H3, 
and H4), two general I/O pins, and ‘six dual-function pins. 
The dual-function pins can individually operate as a third 
port (Port C) or an alternate function related to either Ports 
A and B, or the timer. The four programmable handshake pins, 
depending on the mode, can control data transfer to and from 
the ports, or can be used as interrupt generating inputs, or 
I/O pins. 

The timer consists of a 24-bit counter, optionally clocked 
by a 5-bit prescaler. Three pins provide complete timer I/O: 
PC,/TIN, PC3/TOUT, and PC,/TIACK. Of course, only the 
ones needed for the given configuration perform the timer 
function, while the others remain Port C I/O. 

The system bus interface provides for asynchronous transfer 
of data from the PI/T to a bus master over the data bus (Dy. 
D,). Data transfer acknowledge (DTACK), register selects 
(RS1-RS5), chip select, the read/write line (R/*), and Port 
Interrupt Acknowledge (PIACK) or Timer Interrupt Acknow- 
ledge (TIACK) control data transfer between the PI/T and the 
HD68000. 


Mi PIN DESCRIPTION 
Throughout the data sheet, signals are presented using the 
terms active and inactive or asserted and negated independent 


Do~Dz7 PAo~7 
RS1~RS5 PBo~7 
R/W H1 
cs is 
DTACGK H4 
RESET PC7/TIACK* 
PC.6/PIACK* 
PC. /PIRG* 
CLK PC.4/BMAREG" 
:j PC3/TOUT* 
cc PC2/TIN* 
‘= <3 
0 


*Individually Programmable Dual-Function Pin 
Figure 7 Input and Output Signals 


of whether the signal is active in the high-voltage state or 
low-voltage state. (The active state of each logic pin is given 
below.) Active low signals are denoted by a superscript bar. 
R/W indicates a write is active low and a read active high. 


Bidirectional Data Bus — (D)-D7) 

The data bus pins Do-D, form an 8-bit bidirectional data 
bus to/from the HD68000 or other bus master. These pins are 
active high. 


Register Selects — (RS1-RS5) 

RS1-RSS5 are active high high-impedance inputs that deter- 
mine which of the 25 possible registers is being addressed. 
They are provided by the HD68000 or other bus master. 


Read/Write Input — (R/W) 

R/W is the high-impedance Read/Write signal from the 
HD68000 or bus master, indicating whether the current bus 
cycle is a read (high) or write (low) cycle. 


Chip Select Input — (CS) 

CS is a high-impedance input that selects the PI/T registers 
for the current bus cycle. Address strobe and the data strobe 
(upper or lower) of the bus master, along with the appropriate 
address bits, must be included in the chip select equation. 
A low level corresponds to an asserted chip select. 


Data Transfer Acknowledge Output — (DTACK) 

DTACK is an active low output that signals the completion 
of the bus cycle. During read or interrupt acknowledge cycles, 
DTACK is asserted by the HD68230 after data has been pro- 
vided on the data bus; during write cycles it is asserted after 
data has been accepted at the data bus. Data transfer acknow- 
ledge is compatible with the HD68000 and with other Hitachi 
bus masters such as the HD68450 DMA controller. A holding 
resistor is required to maintain DTACK high between bus 
cycles. 


Reset Input — (RESET) 

RESET is a high-impedance input used to initialize all PI/T 
functions. All control and data direction registers are cleared 
and most internal operations are disabled by the assertion of 
RESET (low). 
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Clock Input — (CLK) 

The clock pin is a high-impedance TTL-compatible signal 
with the same specifications as the HD68000. The PI/T contains 
dynamic logic throughout, and hence this clock must not be 
gated off at any time. It is not necessary that this clock main- 
tain any particular phase relationship with the HD68000 clock. 
It may be connected to an independent frequency source 
(faster or slower) as long as all bus specifications are met. 


Port A and Port B — (PA,-PA, and PB, -PB,) 


Ports A and B are 8-bit ports that may be concatenated to 


form a 16-bit port in certain modes. The ports may be con- 
trolled in conjunction with the handshake pins H1-H4. For 
stabilization during system power-up, Ports A and B have 
internal pullup resisters to Vcc. All port pins are active high. 


Handshake pins (1/O depending on the Mode and Submode) — 
(H1-H4) 

Handshake pins H1-H4 are multi-purpose pins that (depend- 
ing on the operational model) may provide an interlocked hand- 
shake, a pulsed handshake, an interrupt input (independent of 
data transfers), or simple I/O pins. For stabilization during 
system power-up, H2 and H4 have internal pullup resisters to 
Vcc: Their sense (active high or low) may be programmed in 
the Port General Control Register bits 3-0. Independent of the 
mode, the instantaneous level of the handshake pins can be 
read from the Port Status Register. 


(PCy -PC,, /Alternate function) — (Port C) 

This port can be used as eight general purpose I/O pins 
(PCy -PC,) or any combination of six special function pins and 
two general purpose I/O pins (PCy-PC, ). (Each dual function 
pin can be standard I/O or a special function independent of 
the other port C pins.) The dual function pins are defined in the 
following paragraphs. When used as port C pin, these pins are 
active high. They may be individually programmed as inputs 
or outputs by the Port C Data Direction Register. 

The alternate functions (TIN, TOUT, and TIACK) are timer 
I/O pins. TIN may be used as a rising-edge triggered external 
clock input or an external run/halt control pin (the timer is in 
the run state if run/halt is high and in the halt state if run/halt 
is low). TOUT may provided an active low timer interrupt 
request output or a general-purpose square-wave output, ini- 
tially high. TIACK is an active low high-impedance input used 
for timer interrupt acknowledge. 

Port A and B functions have an independent pair of active 
low interrupt request (PIRQ) and interrupt acknowledge 
(PIACK) pins. 

The DMAREQ (Direct Memory Access Request) pin pro- 
vides an active low Direct Memory Access Controller (DMAC) 
request pulse of 3 clock cycles, completely compatible with 
the HD68450 DMAC. 
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Wi REGISTER MODEL 


A register model that includes the corresponding Register 
Selects is shown in Table 1. 


Register 
Select Bits 
4 3 2 


0 1 1 0 1 
0 1 1 1 =O 
oO 1 1 1 =1 
1 0 0 0 0 
1 0 1 
1 0 1 =O 
1 1 

1 0 1 0 0 
1 0 1 =O 

1 0 1 #1 #0 
1 0 1 =1 

1 1 0 0 =O 
1 1 0 0 1 
1 1 0 1 #0 
1 1 0 1 1 
1 #1 #1 0 0 
1 #1 1 0 1 
1 #1 1 +1 =~0 
1 1 1 11 


* Unused, read as zero. 


Table 1 Register Model 





5 4 2 1 0 
Port Mode 


H34 
Control Enable 
SVCRQ Interrupt Port Interrupt 
Select PFS Priority Control 
Interrupt Vector Number 


= H1 
SVCRO Stat 
Enable Ctrl 
H3 H3 

4 Control te SVCROQ Stat 
Enable | Enable Ctrl 


a Bit 









~ 
Oo 


Bit 


z 
a 
5 a 


Port A Submode H2 Control 


Port B Submode 


t 


w 


El 
i t e a 


7p 


UT/TIACK Control 


r 


er 
ct 


2 
a — 
a 7 
a 

a a 


H1 


ne hie aH 


4 
oO 
, 


Timer 
Enable 


Cte Clock Control 


i [eee 
<a 
Se SS 
a a On rs aa ah zh 
22 


14 12 
FETE E 
ee ee ee a SS Lae 
Eee Bit an 7. Ae ri a 
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i eee 
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Port General 
Control Register 


Port Service 
Request Register 


Port A Data 
Direction Register 


Port B Data 
Direction Register 
Port C Data 
Diraction Register 
Port Interrupt 
Vector Register 


Port A Control 
Register 


Port B Control 
Register 


Port A Data 
Register 


Port B Data 
Register 

Port A Alternate 
Register 

Port B Alternate 
Register 

Port C Data 
Register 


Port Status Register 


(null) 


(null) 


Timer Control 
Register 


Timer Interrpt 
Vector Register 
(null) 

Counter Preload 
Register (High) 


(Mid) 


(Low) 


(null) 
Count Register 
(High) 


(Mid) 


(Low) 


Timer Status Register 
(null) 
(null) 
(null) 
(null) 
(null) 
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Hi PROGRAMMER’S MODEL 





Table 2 PI/T Register Addressing Assignments 


Register 


Affected 


Radletse Select Bits a tis by Read 
re[s Ts [ata a 


Port General Contro! Register (PGCR) 
Port Service Request Register (PSRR) 
Port A Data Direction Register (PADDR) 
Port B Data Direction Register (PBDDR) 
Port C Dara Direction Register (PCDDR) 
Port Interrupt Vector Register (PIV R) 
Port A Control Register (PACR) 

Port B Control! Register (PBCR) 

Port A Data Register (PAD R) 

Port B Data Register (PBDR) 

Port A Alternate Register (PAAR) 

Port B Alternate Register (PBAR) 

Port C Data Register (PCDR) 

Port Status Register (PSR) 

_Timer Control Register (TCR) 

_ Timer Interrupt Vector Register (TIV R) 
Counter Preload Register High (CPRH) 
Counter Preload Register Middle (CPRM) 
Counter Preload Register Low (CPRL) 
Count Register High (CNT RH) 

Count Register Middle (CNT RM) 
Count Register Low (CNT RL) 
Timer Status Register (TSR) 


* A write to this register may perform a special status resetting operation. 


** Mode dependent. 


The internal accessible register organization is represented in 
Table 2. Address space within the address map is reserved for 
future expansion. Throughout the PI/T data sheet the following 
conventions are maintained: 

(1) A read from a reserved location in the map results ina read 
from the ‘“‘null register.” The null register returns all zeros 
for data and results in a normal bus cycle. A write to one of 
these locations results in a normal bus cycle but no write 
occurs. 

(2) Unused bits of a defined register are denoted by “‘*” and 
are read as zeroes. 

(3) Bits that are unused in the chosen mode/submode but are 
used in others, are denoted by “‘X”’, and are readable and 
writeable. Their content, however, is ignored in the chosen 
mode/submode. 

(4) All registers are addressable as 8-bit quantities. To facili- 
tate operation with the MOVEP instruction and the DMAC, 
addresses are ordered such that certain sets of registers 
may also be accessed as words (2 bytes) or long words 
(4 bytes). 





re 

Loca [oases 3 
iO | | No | No 
ai Pp RW | No | Ne 
a paw | No | No 
ce | oR | No | No 
| OL | oR | No | No 
| 0 | | oR | No | No 
ro [+ fof aw [ves | No 
R = Read 

W = Write 


® Port General Control Register (PGCR) 


Port Mode H34 H12 H1 
Control Enable | Enable Re Sense 


The Port General Control Register (PGCR) controls may of 
the functions that are common to the overall operation of the 
ports. The PGCR is composed of three major fields; bits 7 and 6 
define the operational mode of Ports A and B and affect opera- 
tion of the handshake pins and status bits; bits 5 and 4 allowa 
software controlled disabling of particular hardware associated 
with the handshake pins of each port; and bits 3-0 define the 
sense of the handshake pins. The PGCR is always readable and 
writeable. 

All bits are reset to 0 when the RESET pin is asserted. 

The Port Mode Control field should be altered only when 
the H12 Enable and H34 Enable bits are 0. Except when Mode 
0 is desired, the Port General Control register must be written 
once to establish the mode, and again to enable the respective 
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operation(s). 
PGCR 
I 8 Mode Control 
0 0 Mode 0 (Unidirectional 8-Bit Mode) 
0 1 Mode 1 (Unidirectional 16-Bit Mode) 
1 0 Mode 2 (Bidirectional 8-Bit Mode) 
1 1 Mode 3 (Bidirectional 16-Bit Mode) 
PGCR 
eo) H34 Enable 
0 Disabled 
1 Enabled 
PGCR 
4 H12 Enable 
0 Disabled 
1 Enabled 
PGCR 
30 Handshake Pin Sense 
0 The associated pin is at the high-voltage level when 
negated and at the low-voltage level when asserted. 
1 The associated pin is at the low-voltage level when 


negated and at the high voltage level when asserted. 


© Port Service Request Register (PSRR) 


Port Service Request Register (PSRR) 


KARI ELERERRIEAES 


SVCRQ Interrupt 
Select PFS 





Port Interrupt 
Priority Control 







The Port Service Request Register (PSRR) controls other 
functions that are common to the overall operation to the ports. 
It is composed of four major fields; bit 7 is unused and is always 
read as 0; bits 6 and 5 define whether interrupt or DMA re- 
quests are generated from activity on the H1 and H3 handshake 
pins; bit 4 and 3 determine whether two dual function pins 
operate as Port C or port interrupt request/acknowledge pins; 
and bits 2, 1, and 0 control the priority among all port inter- 
rupt sources. Since bits 2, 1, and O affect interrupt operation, 
it is recommended that they be changed only when the affected 
interrupt(s) is (are) disabled or known to remain inactive. The 
PSRR is always readable and writeable. 

All bits are reset to 0 when the RESET pin is asserted. 





PSRR 
6 5 SVCRO Select 
O X_ The PC,/DMAREQ pin carries the PC, function; DMA 


is not used. 

1 0 The PC,/DMAREQ pin carries the DMAREQ function 
and is associated with duouble-buffered transfers con- 
trolled by H1. H1 is removed from the PI/T’s interrupt 
structure, and thus, does not cause interrupt requests 
to be generated. To obtain DMAREO pulses, Port A 
a Register bit 1 (H1 SVCRQ Enable) must be a 


1 1 am PC, /DMAREO pin carries the DMAREO function 
and is associated with double-buffered transfers con- 
trolled by H3. H3 is removed from the PI/T’s interrupt 
structure, and thus, does not cause interrupt requests 


HD68230 


to be generated. To obtain DMAREO pulses, Port B 
Control Register bit 1 (H3 SVCRQ Enable) must be a 
1 . 


PSRR 
4 3 Interrupt Pin Function Select 
0 0 The PC,/PIRQ pin carries the PC5 function. 





The PC,/PIACK pin carries the PC6 function. 

O 1. The PC;/PIRO pin carries the PIRO function. 
The PC, /PIACK pin carries the PC6 function. 

1 0 The PC;/PIRO pin carries the PCS function. 
The PC.¢/PIACK pin carries the PLACK function. 

1 1 The PCs/PIRO pin carries the PIRO function. 
The PC,/PIACK pin carries the PIACK function. 

Bits 2, 1, and 0 determine port interrupt priority. The 
priority is shown in descending order left to right. 





PSRR Port Interrupt Priority Control 
2: TO) HIgh eSt ssc sesscvscccvacsveesvcnearecoseend Lowest 





000 HIS H2S H3S H4S 
001 #£44#H2S HIS H3S H4S 
010 #£44HiIS H2S H4S H3S 
011  £44H2S H1S H4S H3S 
100 43S H4S H1S H2S 
101  £443S H4S H2S H1S 
110 £44#4S H3S HIS H2S 
1 11 £4H4S H3S H2S H1S 


® Port A Data Direction Register (PADDR) 

The Port A Data Direction Register (PADDR) determines the 
direction and buffering characteristics of each of the Port A 
pins. One bit in the PADDR is assigned to each pin. A 0 indi- 
cates that the pin is used as an input, while a 1 indicates it is 
used as an output. The PADDR is always readable and writea- 
ble. This register is ignored in Mode 3. 

All bits are reset to the 0 (input) state when the RESET pin 
is asserted. 


@ Port B Data Direction Register (PBDDR) 

The PBDR is identical to the PADDR for the Port B pins 
and the Port B Data Register, except that this register is ignored 
in Modes 2 and 3. 


@ Port C Data Direction Register (PCDDR) 

The Port C Data Direction Register (PCDDR) specifies whe- 
ther each dual-function pin that is chosen for Port C operation 
is an input (0) or an output (1) pin. The PCDDR, along with 
bits that determine the respective pin’s function, also specify 
the exact hardware to be accessed at the Port C Data Register 
address. (See the Port C Data Register description for more 
details.) The PCDDR is an 8-bit register that is readable and 
writeable at all times. Its operation is independent of the 
chosen PI/T mode. 

These bits are cleared to O when the RESET pin is asserted. 


@ Port Interrupt Vector Register (PIVR) 


Port Interrupt Vector Register (PIVR) 


Interrupt Vector Number bea) 


The Port Interrupt Vector Register (PIVR) contains the 
upper order six bits of the four port interrupt vectors. The 





© HITACHI 


Hitachi America Ltd ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 283 


HD68230 


contents of this register may be read two ways; by an ordinary 
read cycle, or by a port interrupt acknowledge bus cycle. The 
exact data read depends on how the cycle was initiated and 
other factors. Behavior during a port interrupt acknowledge 
cycle is summarized above in Table 5. 

From a normal read cycle (CS), there is never a consequence 
to reading this register. Following negation of the RESET pin, 
but prior to writing to the PIVR, a $OF will be read. After 
writing to the register, the upper 6 bits may be read and the 
lower 2 bits are forced to 0. No prioritization computation is 
performed. 


@ Port A Control Register (PACR) 


Port A Control Register (PACR) 


H2 H1 


7 po | 
H1 

Pata : H2 Control Int. |SVCRQ | Stat. 

ubmode Enable | Enable Ctrl. 


The Port A Control Register (PACR) in conjunction with 
the programmed mode and the Port B submode, control the 
operation of Port A and the handshake pins H1 and H2. The 
Port A Contrdl Register contains five fields; bits 7 and 6 specify 
the Port A submode; bits 5, 4, and 3 control the operation of 
the H2 handshake pin and H2S status bit; bit 2 determines 
whether an interrupt will be generated when the H2S status bit 
goes to 1; bit 1 determines whether a service request (interrupt 
request or DMA request) will occur; bit 0 controls the operation 
of the HIS status bit. The PACR is always readable and write- 
able. 

All bits are cleared to 0 when the RESET pin is asserted. 

When the Port A submode field is relevant in a mode/sub- 
mode definition, it must not be altered unless the H12 Enable 
bit in the Port General Control Register is 0. (See Table 4.) 

The operation of Hi and H2 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bits 7 and 6. This description is organized 
such that for each mode/submode all programmable options 
of each pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each mode/sub- 
mode, and thus are specified only one. 















PACR 


2 H2 Interrupt Enable 
0 The H2 interrupt is disabled. 
1 


PACR 
Q H1 Status Control 
Xx Not Used. 


(2) PACR Mode 0 Port A Submode 01 


PACR 

543 H2 Control 

O X X Input pin — status only. 

1 0 0 Output pin — always negated. 

1 Q 1 Output pin — always asserted. 

1 1 0 Output pin — interlocked output handshake protocol. 

1 1 1 Output pin — pulsed output handshake protocol. 
PACR 

0 us trol 


0 The H1S status bit is 1 when either the Port A initial or 
final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 

1 The H1S status bit is 1 when both of the Port A output 
latches are empty. It is 0 when at least one latch is full. 


(3) PACR Mode 0 Port A Submode 1X: 
4 3 H2 Control 
Q X X Input pin — status only. 
1x0 
1X1 


Output pin — always negated. 
Output pin — always asserted. 


0 Hi Status Control 
x Not used. 


(4) PACR Mode 1 Port A Submode XX Port B Submode X0 


PACR 

§ 43 H2 Control 

0 X X_ Input pin — status only. 

1 X O Output pin — always negated. 

1 X 1 Output pin — always asserted. 

PACR 

0 H1 Status Control 
X Not used . 


(5) PACR Mode 1 Port A Submode XX Port B Submode X1 


The H2 interrupt is enabled. PACR 
PACR 343 H2 Control 
0 X X_ Input pin — status only. 
u H1 SVCRQ Enable 1 X 0 Output pin — always negated. 
0 The H1 interrupt and DMA request are disabled. 1 X 1 Output pin — always asserted. 
1 The H1 interrupt and DMA request are enabled. 
PACR 
(1) PACR Mode 0 Port A Submode 00: 0) Hi Status Control 
X Not used. 
PACR 
543 H2 Control (6) PACR Mode 2 
O X X_ Input pin — status only. 
1 0 0 Output pin — always negated. PACR 
1 0 1 Output pin — always asserted. 543 H2 Control 
1 1 0 Output pin — interlocked input handshake protocol. X X 0 Output pin — interlocked output handshake protocol. 
1 1 1 Output pin — pulsed input handshake protocol. X X 1 Output pin — pulsed output handshake protocol. 
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PACR 


° jo 


The HIS status bit is 1 when either the Port B initial or 
final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 

1 The HIS status bit is 1 when both of the Port B output 
latches are empty. It is O when at least one latch is full. 


(7) PACR Mode 3 


PACR 
§43 H2 Control 
X X 0 Output pin — interlocked output handshake protocol. 
X X 1 Output pin — pulsed output handshake protocol. 
PACR 
Q H1 Status Control 
0 The HIS status bit is 1 when either the initial or final 


output latch of Port A and B can accept new data. It is 
0 when both latches are full and cannot accept new 
data. 

1 The H1S status bit is 1 when both the initial and final 
output latches of Ports A and B are empty. It is 0 when 
either the initial or final latch of Ports A and B is full. 


@ Port B Control Register (PBCR) 
Port B Control Register (PBCR) 


4 H3 
Ss 


7 
a | oy H3 

i reads : H4 Control Int. |SVCRQ | Stat. 
somone Enable | Enable | Ctrl. 


The Port B Control Register (PBCR) specifies the operation 
of Port B and the handshake pins H3 and H4. The Port B 
control register contains five fields; bits 7 and 6 specify the Port 
B submode; bis 5, 4, and 3 control the operation of the H4 
handshake pin and H4S status bit; bit 2 determines whether an 
interrupt will be generated when the H4S status bit goes to 1; 
bit 1 determines whether a service request (interrupt request or 
DMA request) will occur; bit O controls the operation of the 
H3S status bit. The PACR is always readable and writeable. 
There is never a consequence to reading the register. 

All bits are cleared to 0 when the RESET pin is asserted. 

When the Port B submode field is relevant in a mode/sub- 
mode definition, it must not be altered unless the H34 Enable 
bit in the Port General Control Register is 0. (See Table 4.) 

The operation of H3 and H4 and their related status bits is 
given below, for each of the modes specified by Port General 
Control Register bis 7 and 6. This description is organized such 
that for each mode/submode all programmable options of each 
pin and status bit are given. 

Bits 2 and 1 carry the same meaning in each mode/submode, 
and thus are specified only once. 
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PBCR 
i H3 SVCRQ Enable 
0 The H3 interrupt and DMA request are disabled. 
1 The H3 interrupt and DMA request are enabled. 


(1) PBCR Mode 0 Port B Submode 00 


PBCR 
5 4 3 H4 Control 

Input pin — status only. 

Output pin — always negated. 

Output pin — always asserted. 

Output pin — interlocked input handshake protocol. 
Output pin — pulse input handshake protocol. 


— eee © | 
—-—=-OO x! 
—- OKO XX IW 


PBCR 
10} H3 Status Control 
X Not used. 


(2) PBCR Mode 0 Port B Submode 01 


PBCR 

343 H4 Control 

O X X_ Input pin — status only. 

1 0 O Output pin — always negated. 

1 0 1 Output pin — always asserted. 

1 1 0 Output pin — interlocked output handshake protocol. 

1 1 1 Output pin — pulse output handshake protocol. 
PBCR 

0 H3 Status Control 


0 The H3S status bit is 1 when either the Port B initial 
or final output latch can accept new data. It is 0 when 
both latches are full and cannot accept new data. 

1 The H3S status bit is 1 when both of the Port B output 
latches are empty. It is 0 when at least one latch is full. 


(3) PBCR Mode 0 Port B Submode 1 X 


PBCR 
543 H4 Control 
O X X_ Input pin — status only. 
1 X 0 Output pin — always negated. 
1 X 1 Output pin — always asserted. 
PBCR 
i0) H3 Status Control 
X Not used . 


(4) PBCR Mode 1 Port B Submode X0 


PBCR 
5 4 3 H4 Control 

Input pin — status only. 

Output pin — always negated. 

Output pin — always asserted. 

Output pin — interlocked input handshake protocol. 


meee ©] 
- Re OO X| 
-_-OrF- Ox | 


PBCR Output pin — pulsed input handshake protocol. 
wr H4 Interrupt Enabl 
0 The H4 interrupt is disabled. PBCR 
1 The H4 interrupt is enabled. 0 H3 Status Control 
X Not used. 
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(5) PBCR Mode 1 Port B Submode X1 


PBCR 
H4 Control 
Input pin — status only. 
Output pin — always negated. 
Output pin — always asserted. 
Output pin — interlocked output handshake protocol. 
Output pin — pulsed output handshake protocol. 


tt ee ee On 
mre OO X|> 
— Ore © XK |[w 


PBCR 

Q H3 Status Control 

0 The H3S status bit is 1 when either the initial or final 
output latch of Port A and B can accept new data. It is 
0 when both latches are full and cannot accept new 
data. 

1 The H3S status bit is 1 when both the initial and final 
output latches of Port A and B are empty. It is O when 
neither the initial or final latch of Port A and B is full. 


(6) PBCR Mode 2 


PBCR 
543 Hé4 Control 

X X Q Output pin — interlocked input handshake protocol. 
X X 1 Output pin — pulsed input handshake protocol. 


PBCR 
0 H3 Status Control 


— 


Xx Not used. 


(7) PBCR Mode 3 


§ 43 H4 Control 
X X O Output pin — interlocked input handshake protocol. 
X X 1 Output pin — pulsed input handshake protocol. 


PBCR 
0 H3 Status Control 


X Not used. 


© Port A Data Register (PADR) 

The Port A Data Register (PADR) is an address for moving 
data to and from the Port A pins. The Port A Data Direction 
Register determines whether each pin is an input (0) or an 
output (1), and is used in configuring the actual data paths. 
This is mode dependent and is described with the modes above. 

This register is readable and writeable at all times. Depending 
on the chosen mode/submode, reading or writing may affect 
the double-buffered handshake mechanism. The Port A Data 
Register is not affected by the assertion of the RESET pin. 


@ Port B Data Register (PBDR) 

The Port B Data Register (PBDR) is an address for moving 
data to and from the Port B pins. The Port B Data Direction 
Register determines whether each pin is an input (O) or an 
output (1), and is used in configuring the actual data paths. This 
is mode dependent and is described with the modes, above. 

This register is readable and writeable at all times. Depending 
on the chosen mode/submode, reading or writing may affect 
the double-buffered handshake mechanism. The Port B Data 
Register is not affected by the assertion of the RESET pin. 


® Port A Alternate Register (PAAR) 

The Port A Alternate Register (PAAR) is an alternate address 
for reading the Port A pins. It is a read-only address and no other 
PI/T condition is affected. In all modes and the instantaneous 
pin level is read and no input latching is performed except at 
the data bus interface (see Bus Interface Connection.) Writes to 
this address are answered with DTACK, but the data is ignored. 


© Port B Alternate Register (PBAR) 

The Port B Alternate Register (PBAR) is an alternate address 
for reading the Port B pins. It is a read-only address and no other 
PI/T condition is affected. In all modes the instantaneous pin 
level is read and no input laching is performed except at the 
data bus interface (see Bus Interface Connection). Writes to 
this address are answered with DTACK, but the data is ignored. 





® Port C Data Register (PCDR) 

The Port C Data Register (PCDR) is an address for moving 
data to and from each of the eight Port C/alternate-function 
pins. The exact hardware accessed is determined by the type of 
bus cycle (read or write) and individual conditions affecting 
each pin. These conditions are (1) whether the pin is used for 
the Port C or alternate function, and (2) whether the Port C 
Data Direction Register indicates the input or output difection. 
The Port C Data Register is single buffered for output pins and 
not buffered for input pins. These conditions are summarized 
in Table 3. 

The Port C Data Register is not affected by the assertion of 
the RESET pin. 

The operation of the PCDR is independent of the chosen 
PI/T mode. 





Table 3 PCDR Hardware Accesses 






Read Port C Data Register 















Port C function | Port C function | Alterflate Alternate 
PCDDR =0 PCDDR = 1 function function 
PCDDR=0 PCDDR=1 







Port C Port C 
output output 
register register 





Write Port C Data Register 


| Port C function | Port C function | Alternate Alternate 
PCDDR=0 PCDDR = 1 function function 
PCDDR =0 PCDDR = 1 









| Port C Port C Port C 
output register, | output register, | output register | output register 
buffer disabled | buffer enabled 
Note that two additional useful benefits result from this 

structure. First, it is possible to directly read the state of a dual- 
function pin while used for the non-Port C function. Second, 
it is possible to generate program controlled transitions on 
alternate-function pins by switching back to the Port C func- 
tion, and writing to the PCDR. 

This register is readable and writeable at all times. 


® Port Status Register (PSR) 


Port Status Register (PSR) 


EP RIES CESS ER ETERS 
H4 









3 H2 H1 
§ Level | Level} Level | Level | 
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The Port Status Register (PSR) contains information about 
handshake pin activity. Bits 7-4 show the instantaneous level of 
the respective handshake pin, and is independent of the hand- 
shake pin sense bits in the Port General Control Register. Bit 
3-0 are the respective, status bits referred to throughout this 
data sheet. Their interpretation depends on the programmed 
mode/submode of the PI/T. For Bits 3-0 a 1 is the active or 
asserted state. 


@ Timer Control! Register (TCR) 


Timer Control Register (TCR) 
Lee faeaeaee 
TOUT/TIACK Z.D. Clock Timer 
Ctrl. Control Enable 


Control 

The Timer Control Register (TCR) determines all operations 
of the timer. Bits 7-5 configure the PC3/TOUT and PC, /TIACK 
pins for Port C, square wave, vectored interrupt, or auto- 
vectored interrupt operation; bit 4 specifies whether the counter 
receives data from the Counter Preload Register or continues 
counting when zero detect is reached; bit 3 is unused and is 
read as Q; bits 2 and 1 configure the path from the CLK and 
TIN pins to the counter controller; bit 0 enables the timer. 
This register is readable and writeable at all times. 

All bits are cleared to 0 when the RESET pin is asserted. 

























TCR 
TOUT: TIACK Control 

The dual-function pins PC;/TOUT and PC,/TIACK 

carry the Port C function. 

The dual-function pin PC;/TOUT cames the TOUT 

function. In the run state it is used as a square wave 

output and is toggled on zero detect. The TOUT pin 
is high while in the halt state. The dual-function pin 

PC, /TIACK carries the PC, function. 

1 0 0 The dual-function pin PC,/TOUT carries the TOUT 
function. In the run or halt state it is used as a timer 
interrupt request output. The timer interrupt is 
disabled; thus, the pin is always three-stated. The 
dual-function pin PC,/TIACK carries the TIACK 
function; however, since interrupt request is negated, 
the PI/T produces no response, i.e., no data or 
DTACK, to an asserted TIACK. Refer to Time 
Interrupt Cycle section for details. This combination 
and the 101 state below support vectored timer 
interrupts. 

1 0 1. The dual-function pin PC3/TOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thus, the pin 
is low when the timer ZDS status bit is 1. The dual 
function pin PC,/TIACK carries the TIACK function 
and is used as a timer interrupt acknowledge input. 
Refer to the Timer Interrupt Acknowledge Cycle 
section for details. This combination and the 100 
state above support vectored timer interrupts. 

1 1 0 The dual-function pin PC3/TOUT carries the TOUT 
function. In the run or halt state it is used as a timer 
interrupt request output. The timer interrupt is 
disabled; thus, the pin is always three-stated. The 
dual-function pin PC,/TIACK carries the PC, func- 
tion. 


(a) oO |~ 
x< Ia 
K [nr 


— 
x< 
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1 1 1 The dual-function pin PC3;/TOUT carries the TOUT 
function and is used as a timer interrupt request 
output. The timer interrupt is enabled; thus, then pin 
is low when the timer ZDS status bits is 1. The dual- 
function pin PC,/TIACK carries the PC, function 
and dutovectored interrupts are supported. 


Zero Detect Control 
The counter is loaded from the Counter Preload 
Register on the first clock to the 24-bit counter after 
zero detect, and resumes counting. 
1 The counter rolls over on zero detect, then continues 
counting. 


Bit 3 is unused and is always read as 0. 


eek loc ntrol 

0 0 The PC2/TIN input pin carries the Port C function and 
the CLK pin and prescaler are used. The prescaler is 
decremented on the falling transition of the CLK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Register when the prescaler rolls over 
from $00 to $1F. The Timer Enable bit determines 
whether the timer is in the run or halt state. 

0 1 The PC,/TIN pin serves as a timer input and the 
CLK pin and prescaler are used. The prescaler is de- 
cremented on the falling transition of the CLK pin; 
the 24-bit counter is decremented or loaded from the 
Counter Preload Registers when the prescaler rolls 
over from $00 to $1F. The timer is in the run state 
when the Timer Enable bit is 1 and the TIN pin is high; 
otherwise the timer is in the halt state. 

1 0 The PC,/TIN pin serves as a timer input and the pre- 
scaler is used. The prescaler is decremented following 
the rising transition of the TIN pin after syncing with 
the internal clock. The 24-bit counter is decremented 
or loaded fronr the counter preload registers when the 
prescaler rolls over from $00 to $1F. The Timer 
Enable bit determines whether the timer is in the run 
or halt state. 

1 1 The PC,/TIN pin serves as a timer input and the 
prescaler is unused. The 24-bit counter is decremented 
or loaded from the Counter Preload Registers follow- 
ing the rising edge of the TIN pin after syncing with 
the internal clock. The Timer Enable bit determines 
whether the timer is in the run or halt state. 


Timer Enable 
Disabled. 
Enabled. 


| 
-Ooloo 
v2) 


© Timer Interrupt Vector Register (TIVR) 

The timer interrupt vector register contains the 8-bit vector 
supplied when the timer interrupt acknowledge pin TIACK is 
asserted. The register is readable and writeable at all times, and 
the same value is always obtained from a normal read cycle and 
a timer interrupt acknowledge bus cycle (TIACK). When the 
RESET pin is asserted the value of $OF is automatically loaded 
into the register. Refer to Timer Interrupt Acknowledge Cycle 
section for more details. 
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© Counter Preload Register H,M,L (CPRH—L) 


Counter Preload Register H,M,L (CPRH-L) 





The Counter Preload Registers (CPRH-L) are a group of three 
8-bit registers used for storing data to be transferred to the 
counter. Each of the registers is individually addressable, or the 
group may be accessed with the MOVEP. L or the MOVEP, W 
instructions. The address one less than the address of CPRH is 
the null register, and is reserved so that zeros are read in the 
upper 8 bits of the destination data register when a MOVEP.L is 
used. Data written to this address is ignored. 

The registers are readable and writeable at all times. A read 
cycle proceeds independently of any transfer to the counter, 
which may be occuring simultaneously. 

To insure proper operation of the PI/T Timer, a value of 
$000000 may not be stored in the Counter Preload Registers 
for use with the counter. 

The RESET pin does not affect the contents of these regis- 
ters. 


® Count Register H,M,L (CNTRH—L) 


Count Register H,M,L (CNT RH-L) 
p7{ se] s{ a] si] 2] 2 


Bit Bit Bit Bit Bit Bit Bit 
22 21 20 19 18 17 16 











CNTRH 
Bit Bit Bit Bit Bit Bit Bit CNTRM 
15 14 13 12 10 9 8 
Bit Bit Bit Bit Bit Bit Bit Bit | CNTRL 
7 6 5 4 3 2 1 0 








The count registers (CNTRH-L) are a group of three 8-bit 
addresses at which the counter can be read. The contents of the 
counter are not latched during a read bus cycle; thus, the data 
read at these addresses is not guaranteed if the timer is in the 
run state. (Bits 2, 1, and 0 of the Timer Control Register specify 
the state.) Write operations to these addresses result in a normal 
bus cycle but the data is ignored. 

Each of the registers is individually addressable, or the 
group may be accessed with the MOVEP.L or the MOVEP.W 
instructions. The address one less than the address of CNTRH is 
the null register, and is reserved so that zeros are read in the 
upper 8 bits of the destination data register when a MOVEP.L 
is used. Data written to this address is ignored. 


© Timer Status Register (TSR) 


Timer Status Register (TSR) 





The Timer Status Register (TSR) contains one bit from 
which the zero detect status can be determined. The ZDS 
status bit (bit 0) is an edge-sensitive flip-flop that is set to 1 
when the 24-bit counter decrements from $000001 to $000000. 
The ZDS status bit is cleared to 0 following the direct clear 
operation (similar to that of the ports), or when the timer is 
halted. Note also that when the RESET pin is asserted the 
timer is disabled, and thus enters the halt state. 

This register is always readable without consequence. A 
write access performs a direct clear operation if bit 0 in the 
written data is 1. Following that, the ZDS bit is 0. 

This register is constructed with a reset dominant S-R flip- 
flop so that all cleaning conditions prevail over the possibl 
zero detect condition. 

Bits 7-1 are unused and are read as 0. 
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PORT CONTROL STRUCTURE 


The primary focus of most applications will be on Ports A 
and B, the handshake pins, the port interrupt pins, and the 
DMA request pin. They are controlled in the following way: 
the Port General Control Register contains a 2-bit field that 
specifies a set of four operation modes. These govern the 
overall operation of the ports and determine their interrela- 


Mode 0 Submode 00 


A (B) 










Latched, Doublie- 
Buffered input 


H1 (H3) 
H2 (H4) 


Mode 1 Port B Submode X0 


H1 
H2 


A and B 
(16) 


Latched, Bouble- 
Buffered Input 


Mode 2 
A (8) 
Bit 1/O 
B (8) 
Bidirectional 8-Bit 


Hi : Output 
H2 


Transfers 


H3 : Input 


H4 Transfers 
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tionships. Some modes require additional information from 


Mode 0 Submode 01 


A (B) 







Double-Buffered 
Output Bit 1/0 


Hi (H3) 
H2 (H4) 


Mode 1 Port B Submode X1 


AandB 
; (16) 


Double-Buffered 
Output 


Mode 3 


AandB 
(16) 


Bidirectional 16-Bit 


Hi Output 
H2 ? Transfers 
H3 Input 

H4 Transfers 


Figure8 Port Mode Layout 
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each port’s control register to further define its operation. 
In each port control register, there is a 2-bit submode field 
that serves this purpose. Each port mode/submode combination 
specifies a set of programmable characteristics that fully define 
the behavior of that port and two of the handshake pins. 
This structure is summarized in Table 4 and Figure 8. 


Mode 0 Submode 1X 


A (B) 
8 


H1 (H3) 
H2 (H4) 
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Mi PORT GENERAL INFORMATION AND CONVENTIONS 

The following paragraphs introduce concepts that are gener- 
ally applicable to the PI/T ports independent of the chosen 
mode and submode. For this reason, no particular port or 
handshake pins are mentioned; the notation H1 (H3) indicates 
that, depending on the chosen mode and sub-mode, the state- 
ment given may be true for either the H1 or H3 handshake pin. 
© Unidirectional vs Bidirectional 

Figure 8 shows the configuration of Ports A and B and each 
of the handshake pins in each port mode and submode. In 
Modes 0 and 1, a data direction register is associated with each 
of the ports. These registers contain one bit for each port pin 
to determine whether that pin is an input or an output. Modes 
O and 1 are, thus, called unidirectional modes because each pin 
assumes a constant direction, changeable only by a reset condi- 
tion or a programming change. These modes allow double- 
buffered data transfers in one direction. This direction, de- 
termined by the mode and submode definition, is known as 
the primary direction. Data transfers in the primary direction 
are controlled by the handshake pins. Data transfers not in 
the primary direction are generally unrelated, and single or 
unbuffered data paths exist. 

In Modes 2 and 3 there is no concept of primary direction 
as in Modes 0 and 1. Except for Port A in Mode 2 (Bit I/O), 
the data direction registers have no effect. These modes are 
bidirectional, in that the direction of each transfer (always 8 
or 16 bits, double-buffered) is determined dynamically by the 
state of the handshake pins. Thus, for example, data may be 
transferred out of the ports, followed very shortly by a transfer 
into the same port pins. Transfers to and from the ports are 
independent and may occur in any sequence. Since the in- 


stantaneous direction is always determined by the external 
system, a small amount of arbitration logic may be required. 


@ Control! of Double-Buffered Data Paths 

Generally speaking, the PI/T is a double-buffered device. 
In the primary direction, double-buffering allows orderly trans- 
fers by using the handshake pins in any of several programmable 
protocols. (When Bit I/O is used, double-buffering is not 
available and the handshake pins are used as outputs or status/ 
interrupt inputs.) 

Use of double-buffering is most beneficial in situations 
where a peripheral device and the computer system are capable 
of transferring data at roughly the same speed. Double-buffering 
allows the fetch operation of the data transmitter to be over- 
lapped with the store operation of the data receiver. Thus, 
throughput measured in bytes or words-per-second may be 
greatly enhanced. If there is a large mismatch in transfer 
capability between the computer and the peripheral, little or 
no benefit is obtained. In these cases there is no penalty in 
using double-buffering. 


@ Double-Buffered Input Transfers 

In all modes, the PI/T supports double-buffered input 
transfers. Data that meets the port setup and hold times is 
latched on the asserted edge of H1(H3). H1(H3) is edge-sensi- 
tive, and may assume any duty-cycle as long as both high and 
low minimum times are observed. The PI/T contains a Port 
Status Register whose H1S(H3S) status bit is set anytime any 
input data is present in the double-buffered latches that has 
not been read by the bus master. The action of H2(H4) is 
programmable; it may indicate whether there is room for more 
data in the PI/T latches or it may serve other purposes. The 


Table 4 Port Mode Contro! Summary 


Mode 0 Mode 1 
(Unidirectional 8-Bit mode) (Unidirectional 16-Bit mode) 
Port A 

significant 
Submode 00 — Double-Buffered Input 
H1 — Latches input data 
H2 — Status/interrupt generating 
input, general-purpose output, 
or operation with H1 in the 
interlocked or pulsed input 
handshake protocols 
Submode 01 — Double-Buffered 
Output 
H1 — Indicates data received by 
peripheral 
H2 — Status/interrupt generating 
input, general-purpose output, 
Or operation with H1 in the 
interlocked or pulsed output 
handshake protocols 
Submode 1X — Bit 1/O 
H1 — Status/interrupt generating 
input 
H2 — Status/interrupt generating 
input or general-purpose 
output 


Submode XX (not used) 
H1 — Status/interrupt generating 
input 
H2 — Status/interrupt generating 
input or general-purpose 
output 


Port B 


Submode X0 — Unidirectional 16- 
Bit Input 
H3 — Latches input data 
H4 — Status/interrupt generating 
input, general-purpose out- 
put, or operation with H3 
in the interlocked or pulsed 
input handshake protocols 
Submode X1 — Unidirectional 16-Bit 
Output 
H3 — Indicates data received by 
peripheral 
H4 — Status/interrupt generating 


H3 and H4 — Identical to Port A, 
H1 and H2 


or operation with H3 im the 
interlocked or pulsed output 
handshake protocols 
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Port A — Double-Buffered Data (Most 
) 


Port B — Double-Buffered Data Port B — Bidirectional 8-Bit Data 
(Least significant) (Double-Buffered) 


input, general-purpose output, 


Mode 3 
(Bidirectional 16-Bit mode) 


Mode 2 
(Bidirectional 8-Bit mode) 
Port A — Bit 1/0 (with no handshaking 
pins) 


Port A — Double-Buffered Data (Most 
significant) 


Submode XX {not used) 


Submode XX (not used) 


Port B - Double-Buffered Data 
(Least significant) 

























Submode XX (not used) 

H1 — Indicates output data received 
by peripheral 

H2 — Operation with H1 in the 
interlocked or pulsed output 
handshake protocols 

H3 — Latches input data 

H4 — Operation with H3 in the 
interlocked or pulsed input 
handshake protocols 


Submode XX (not used) 
H1 — indicates output data received 
by peripheral 
H2 — Operation with H1 1 the 
interlocked or pulsed output 
handshake protocols 
H3 — Latches input data 
H4 — Operation with H3 in the 
interlocked or pulsed input 
handshake protocols 
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following options are available, depending on the mode. 

(1) H2(H4) may be an edge-sensitive input that is independent 
of H1(H3) and the transfer of port data. On the asserted 
edge of H2(H4), the H2S(H4S) status bit is set. It is 
cleared by the direct method (refer to Direct Method of 
Resetting Status), the RESET pin being asserted, or when 
the H12 Enable (H34 Enable) bit of the Port General 
Control Register is 0. 

(2) H2(H4) may be a general purpose output pin that is 
always negated. The H2S(H4S) status bit is always 0. 

(3) H2(H4) may be a general purpose output pin that is always 
asserted. The H2S(H4S) status bit is always 0. 

(4) H2(H4) may be an output pin in the interlocked input 
handshake protocol. It is asserted when the port input 
latches are ready to accept new data. It is negated 
asynchronously following the asserted edge of the H1(H3) 
input. 
re soon as the input latches become ready, H2(H4) is 
again asserted. When the input double-buffered latches are 
full, H2(H4) remains negated until data is removed. Thus, 
anytime the H2(H4) output is asserted, new input data 
may be entered by asserting H1(H3). At other times transi- 
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tions on H1(H3) are ignored. The H2S(H4S) status bit is 
always 0. When H12 Enable (H34 Enable) is 0, H2(H4) 
is held negated. 

(S) H2(H4) may be an output pin in the pulsed input hand- 
shake protocol. It is asserted exactly as in the interlocked 
input protocol, but never remains asserted longer than 
4 clock cycles. Typically, a four clock cycle pulse is 
generated. But in the case that a subsequent H1(H3) 
asserted edge occurs before termination of the pulse, 
H2(H4) is negated asynchronously. Thus, anytime after 
the leading edge of the H2(H4) pulse, new data may be 
entered in the PI/T double-buffered input latches. The 
H2S(H4S) status bit is always 0. When H12 Enable (H34 
Enable) is 0, H2(H4) is held negated. 

A sample timing diagram is shown in Figure 9. The H2(H4) 
interlocked and pulsed input handshake protocols are shown. 
The DMAREQ pin is also shown assuming it is enabled. All 
handshake pin sense bits are assumed to be 0 (refer to Port 
General Control Register); thus, the pins are in the low state 
when asserted. Due to the great similarity between modes, this 
timing diagram is applicable to all double-buffered input trans- 
fers. 


Read Read 


rvome XX RRXXXKKRKEX KKK KERR 


H1(H3) a’ 
H2(H4) interlocked 


H2(H4) Pulse 


DMAREQ 


Figure 9 Double-buffered Input Transfers 


® Double-Buffered Output Transfers 

The PI/T supports double-buffered output transfers in all 
modes. Data, written by the bus master to the PI/T, is stored 
in the port’s output latch. The peripheral accepts the data by 
asserting H1(H3), which causes the next data to be moved to 
the port’s output latch as soon as it is available. The function 
of H2(H4) is programmable; it may indicate whether new data 
has been moved to the output latch or it may serve other 
purposes. The H1S(H3S) status bit may be programmed for 
two interpretations. Normally the status bit is a 1 when there is 
at least one latch in the double-buffered data path that can 
accept new data. After writing one byte/word of data to the 
ports, an interrupt service routine could check this bit to 
determine if it could store another byte/word; thus, filling 
both latches. When the bus master is finished, it is often useful 
to be able to check whether all of the data has been transferred 
to the peripheral. The H1S(H3S) Status Control bit of the 

Port A and B Control Registers provide this flexibility. The 

programmable options of the H2(H4) pin are given below, 

depending on the mode. 

(1) H2(H4) may be an edge-sensitive input pin independent 
of H1(H3) and the transfer of port data. On the asserted 
edge of H2(H4), the H2S(H4S) status bit is set. It is reset 
by the direct method (refer to Direct Method of Resetting 


Status), the RESET pin being asserted, or when the H12 
Enable (H34 Enable) bit of the Port General Control 
Register is 0. 

(2) H2(H4) may be a general-purpose output pin that is always 
negated. The H2S(H4S) status bit is always 0. 

(3) H2(H4) may be a general-purpose output pin that is always 
asserted. The H2S(H4S) status bit is always 0. 

(4) H2(H4) may be an output pin in the interlocked output 
handshake protocol. H2(H4) is asserted two clock cycles 
after data is transferred to the double-buffered output 
latches. The data remains stable and H2(H4) remains assert- 
ed until the next asserted edge of the H1(H3) input. At that 
time, H2(H4) is asynchronously negated. As soon as the 
next data is available, it is transferred to the output latches. 
When H2(H4) is negated, asserted transitions on H1(H3) 
have no effect on the data paths. As is explained later, 
however, in Modes 2 and 3 they do control the three- 
state output buffers of the bidirectional port(s). The 
H2S(H4S) status bit is always 0. When H12 Enable (H34 
Enable) is 0, H2(H4) is held negated. 

(5) H2(H4) may be an output pin in the pulsed output hand- 
shake protocol. It is asserted exactly as in the interlocked 
output protocol above, but never remains asserted longer 
than four clock cycles. Typically, a four clock pulse is 
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generated. But in the case that a subsequent H1(H3) 
asserted edge occurs before termination of the pulse, 
H2(H4) is negated asynchronously shortening the pulse. 
The H2S(H4S) status bit is always 0. When H12 Enable 
(H34 Enable) is 0 H2(H4) is held negated. 


Port Data 


H2(H4) interlocked 


H2(H4) Pulse 


H1(H3) 


DMAREQ 


A sample timing diagram is shown in Figure 10. The H2(H4) 
interlocked and pulsed output handshake protocols are shown. 
The DMAREQ pin is also shown assuming it is enabled. All 
handshake pin sense bits are assumed to be 0; thus, the pins 
are in the low state when asserted. Due to the great similarity 
between modes, this timing diagram is applicable to all double- 
buffered output transfer. 


4 ) 


Figure 10 Double-buffered Output Transfers 


@ Requesting Bus Master Service 

The PI/T has several means of indicating a need for service 
by a bus master. First, the processor may poll the Port Status 
Register. It contains a status bit for each handshake pin, 
plus a level bit that always reflects the instantaneous state of 
that handshake pin. A status bit is 1 when the PI/T needs 
servicing, i.e., generally when the bus master needs to read 
or write data to the ports, or when a handshake pin used as a 
simple status input has been asserted. The interpretation of 
these bits is dependent on the chosen mode and submode. 

Second, the PI/T may be placed in the processor’s interrupt 
structure. As mentioned previously, the PI/T contains Port A 
and B Control Registers that configure the handshake pins. 
Other bits in these registers enable an interrupt associated with 
each handshake pin. This interrupt is made available through 
the PC5/PIRQ pin, if the PIRQ function is selected. Three 
additional conditions are required for PIRQ to be asserted: 
(1) the handshake pin status bit set, (2) the corresponding 
interrupt (service request) enable bit is set, (3) and DMA re- 
quests are not associated with that data transfer (H1 and H3 
only). The conditions from each of the four handshake pins 
and corresponding status bits are ORed to determine PIRQ. 

The third method of requesting service is via the PC4/ 
DMAREO pin. This pin can be associated with double-buffered 
transfers in each mode. If it is used as a DMA controller re- 
quest, it can initiate requests to keep the PI/T’s input/output 
double-buffering empty/full as much as possible. It will not 











overrun the DMA controller. The pin is compatible with the 
HD68450 Direct Memory Access Controller (DMAC). 


© Vectored, Prioritized Port Interrupts 

Use of HD68000-compatible vectored interrupts with the 
PI/T requires the PIRQ and PIACK pins. When PIACK is as- 
serted, the PI/T places an 8-bit vector on the data pins Do-D,. 
Under normal conditions, this vector corresponds to highest 
priority, enabled, active port interrupt source with which the 

A pin is not currently associated. The most-significant 
six bits are provided by the Port Interrupt Vector Register 
(PIVR), with the lower two bits supplied by prioritization 
logic according to conditions present when PIACK is asserted. 
It is important to note that the only affect on the PI/T caused 
by interrupt acknowledge cycles is that the vector is placed 
on the data bus. Specifically, no registers, data, status, or other 
internal states of the PI/T are affected by the cycle. 

Several conditions may be present when the PIACK input 
is asserted to the PI/T. These conditions affect the PI/T’s 
response and the termination of the bus cycle. If the PI/T 
has no interrupt function selected, or is not asserting PIRQ, 
the PI/T will make no response to PIACK (DTACK will not be 
asserted). If the PI/T is asserting PIRQ when PIACK is received, 
the PI/T will output the contents of the Port Interrupt Vector 
Register and the prioritization bits. If the PIVR has not been 
initialized, SOF will be read from this register. These conditions 
are summarized in Table 5. 





Table S Response to Port Interrupt Acknowledge 






Conditions 





has not been initialized 
RESET 








PIVR 
since 





P!IRQ negated OR interrupt 

request function not selected | PIRQ asserted 

No response from PI/T. PI/T provides $OF, the 

No DTACK. Uninitialized Vector.* 

PIVR has been initialized No response from PI/T. 
since RESET | No DTACK. 





PI/T provides PIVR contents 


with prioritization bits. 





*The uninitialized vector is the value returned from an interrupt vector register before it has been initialized. 
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The vector table entries for the PI/T appear as a contiguous 
block of four vector numbers whose common upper six bits 
are programmed in the PIVR. The following table pairs each 
interrupt source with the 2-bit value provided by the prioriza- 
tion logic, when interrupt acknowledge is asserted. 


Hi source — 00 
H2 source — 01 
H3 source — 10 
H4 source — 11 


@ Autovectored Port Interrupts 

Autovectored interrupts use only the PIRQ pin. The opera- 
tion of the PI/T with vectored and autovectored interrupts is 
identical except that no vectors are supplied and the PC6/ 
PIACK pin can be used as a Port C pin. 





@ Direct Method of Resetting Status 

In certain modes one or more handshake pins can be used 
as edge-sensitive inputs for sole purpose of setting bits in the 
Port Status Register. These bits consist of simple flip-flops. 
They are set (to 1) by the occurrence of the asserted edge of 
the handshake pin input. Resetting a handshake status bit can 
be done by writing an 8-bit mask to the Port Status Register. 
This is called the direct method of resetting. To reset a status 
bit that is resettable by the direct method, the mask must 
contain a 1 in the bit position of the Port Status Register cor- 
responding to the desired bit. Other positions must contain 
0’s. For status bits that are not resettable by the direct method 
in the chosen mode, the data written to the port status register 
has no effect. For status bits that are resettable by the direct 
method in the chosen mode, a 0 in the mask has no effect. 


@ Handshake Pin Sense Control 

The PI/T contains exclusive-OR gates to control the sense of 
each of the handshake pins, whether used as inputs or outputs. 
Four bits in the Port General Control Register may be program- 
med to determine whether the pins are asserted in the low or 
high voltage state. As with other control registers, these bits 
are reset to 0 when the RESET pin is asserted, defaulting the 
asserted level to be low. 


® Enabling Ports A and B 

Certain functions involved with double-buffered data trans- 
fers, the handshake pins, and the status bits, may be disabled by 
the external system or by the programmer during initialization. 
The Port General Control Register contains two bits, H12 Ena- 
ble and H34 Enable, which control these functions. These bits 
are cleared to the 0 state when the RESET pin is asserted, and 
the functions are disabled. The functions are the following. 
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(1) Independent of other actions by the bus master or peri- 
pheral (via the handshake pins), the PI/T’s disabled hand- 
shake controller is held to the “empty” state, ie., no data 
is present in the double-buffered data path. 

(2) When any handshake pin is used to set a simple status 
flip-flop, unrelated to double-buffered transfers, these 
flip-flops are held reset to 0. (See Table 4.) 

(3) When H2(H4) is used in an interlocked or pulsed hand- 
shake with H1(H3), H2(H4) is held negated, regardless 
of the chosen mode, submode, and primary direction. 
Thus, for double-buffered input transfers, the programmer 
may signal a peripheral when the PI/T is ready to begin 
transfers by setting the associated handshake enable bit 
to 1. 


@ The Port A and B Alternate Registers 

In addition to the Port A and B Data Registers, the PI/T 
contains Port A and B Alternate Registers. These registers are 
read-only, and simply provide the instantaneous level of each 
port pin. They have no effect on the operation of the hand- 
shake pins, double-buffered transfers, status bits, or any other 
aspect of the PI/T, and they are mode/submode independent. 


Hi PORT MODES 
This section contains information that distinguishes the 
various port modes and submodes. 


® Mode 0 — Unidirectional 8-Bit Mode 
In Mode 0, Ports A and B operate independently. Each 

may be configured in any of its three possible submodes: 

Submode 00 — Double-Buffered Input 

Submode 01 — Double-Buffered Output 

Submode 1X — Bit I/O 
Handshake pins H1 and H2 are associated with Port A and 
configured by programming the Port A Control Register. 
(The H12 Enable bit of the Port General Control Register, 
enables Port A transfers.) Handshake pins H3 and H4 are 
associated with Port B and configured by programming the 
Port B Control Register. (The H34 Enable bit of the Port 
General Control Register enables Port B transfers.) The Port 
A and B Data Direction Registers operate in all three sub- 
modes. Along with the submode, they affect the data read 
and written at the associated data register according to Table 
6. They also enable the output buffer associated with each 
port pin. The DMAREQ pin may be associated with either 
(not both) Port A or Port B, but does not function if the Bit 
I/O submode is programmed for the chosen port. 
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Table 6 Mode 0 Port Data Paths 






O Submode 00 
O Submode 01 
O Submode 1X 








Abbreviations: 






10L — Initial Output Latch 
FOL —_ Final Output Latch 
FIL — Final Input Latch 









Note 2: 





the port pin if the DDR isa 1. 










(1) Port A or B Submode 00 (8-Bit Double-Buffered Input) 


A (B) 


Latched, Double- 
Buffered Input 


H1 (H3) 
H2 (H4) 


Figure 11 Mode 0 Submode 00 


? 

In Mode 0, double-buffered input transfers of up to 8-bits are 
available by programming Submode 00 in the desired port’s 
control register. The operation of H2 and H4 may be selected 
by programming the Port A and Port B Control Registers, 
respectively. All five double-buffered input handshake options, 
previously mentioned in the Port General Information and 
Conventions section, are available. 

For pins used as outputs, the data path consists of single 
latch driving the output buffer. Data written to the port’s 
data register does not affect the operation of any handshake 
pin, status bit, or any other aspect of the PI/T. Output pins 
may be used independently of the input transfer. However, 
read bus cycles to the data register do remove data from the 
port. Therefore, care should be taken to avoid processor in- 
structions that perform unwanted read cycles. 

Refer to PARALLEL PORTS Double-Buffered Input 
Transfers for a sample timing diagram. (Figure 9) 


(2) Port A or B Submode 01 (8-Bit Double-Buffered Output) 

In Mode 0, double-buffered output transfers of up to 8 bits 
are available by programming submode 01 in the desired port’s 
control register. The operation of H2 and H4 may be selected 
by programming the Port A and Port B Control Registers, 
respectively. All five double-buffered output handshake op- 





Data is latched in the output data registers (final output latch) and will be single buffered at the pin if the DDR 
is 1. The output buffers will be turned off if the DDR is 0. 
Data is latched in the double-buffered output data registers. The data in the final output latch will appear on 


The output drivers that connect the final output latch to the pins are turned on. 


Read Port A/B Write Port A/B 
Data Register Data Register 


FOL Note 3 
FOL Note 3 
FOL Note 3 


FOL. S.B. 
IOL/FOL. D.B. 
FOL. S.B. 


Note 1 
Note 2 



















$.B. — Single Buffered 
D.B. — Double Buffered 
DDR — Data Direction Register 










Double-Buffered 
Output 


H1 (H3) 
H2 (H4) 


Figure 12 Mode 0 Submode 01 


tions, previously mentioned in the Port General Information 
and Conventions section, are available. 

For pins used as inputs, data written to the associated data 
register is double-buffered and passed to the initial or final 
output latch, as usual, but the output buffer is disabled. 

Refer to PARALLEL PORTS Double-Buffered Output 
Transfers for a sample timing diagram (Figure 10) 


(3) Port A or B Submode 1X (Bit I/O) 


A (B) 
8 


Bit 1/0 


H1 (H3) 
H2 (H4) 


Figure 13 Mode 0 Submode 1X 


In Mode 0, simple Bit I/O is available by programming Sub- 
mode 1X in the desired port’s control register. This submode 
is intended for applications in which several independent 
devices must be controlled or monitored. Data written to the 
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associated data register is single-buffered. If the data direc- 
tion register bit for that pin is a 1 (output), the output buffer 
is enabled. If it is 0 (input), data written is still latched, but is 
not available at the pin. Data read from the data register is 
the instantaneous value of the pin or what was written to the 
data register, depending on the contents of the data direc- 
tion register. H1(H3) is an edge-sensitive status input pin 
only and it controls no data-related function. The H1S(H3S) 
status bit is set following the asserted edge of the input wave- 
form. It is reset by the direct method, the RESET pin being 
asserted, or when the H12 Enable (H34 Enable) bit is 0. 

H2(H4) can be programmed as a simple status input (iden- 
tical to H1(H3)), or as an asserted or negated output. The 
interlocked or pulsed handshake configurations are not availa- 
ble. 


® Mode 1 — Unidirectional 16-Bit Mode 

In Mode 1, Ports A and B are concatenated to form a single 
16-bit port. The Port B Submode field controls the configura- 
tion of both ports. The possible submodes are: 


Port B Submode XO — Double-Buffered Input 
Port B Submode X1 — Double-Buffered Output 


Handshake pins H3 and H4, configured by programming the 
Port B Control Register, are associated with the 16-bit double- 
buffered transfer. These 16-bit transfers, are enabled by the 
H34 Enable bit of the Port General Control Register. Hand- 
shake pins H1 and H2 may be used as simple status inputs 
not related to the 16-bit data transfer or H2 may be an output. 
Enabling of the H1 and H2 handshake pins is done by the H12 
Enable bit of the Port General Control Register. The Port A 
and B Data Direction Registers operate in each sub-mode. 
Along with the submode, they affect the data read and written 
at the data register according to Table 7. They also enable the 
output buffer associated with each port pin. The DMAREQ 
pin may be associated only with H3. 

Mode | can provide convenient, high-speed 16-bit transfers. 
The Port A and B data registers are addressed for compatibility 
with the HD68000 Move Peripheral (MOVEP) instruction and 
with the HD68450 DMAC. To take advantage of this, Port A 
should contain the most-significant byte of data and always be 
read or written by the bus master first. The interlocked and 
pulsed handshake protocols are keyed to accesses to the Port B 
Data Register in Mode 1. If it is accessed last, the 16-bit double- 
buffered transfers proceed smoothly. 


Table 7 Mode 1 Port Data Paths 












1, Port B 
Submode X0 
1, Port B 
Submode X1 














transferred to IOL/FOL. 
Note 2: 


Abbreviations: 








1OL. — Initial Output Latch 
FOL — Final Output Latch 
FIL — Final Input Latch 






(1) Port B Submode XO (16-Bit Double-Buffered Input) 


In Mode 1 Port B Submode XO, double-buffered input transfers 
of up to 16 bits may be obtained. The level of all 16 pins is 
asynchronously latched with the asserted edge of H3. The 
processor may check H3S status bit to determine if new data 
is present. The DMAREQ pin may be used to signal a DMA 
controller to empty the input buffers. Regardless of the bus 
master, Port A data should be read first. (Actually, Port A 
data need not be read at all.) Port B data should be read last. 
The operation of the internal handshake controller, the H3S 
bit, and DMAREQ are keyed to the reading of the Port B 


Read Port A/B Write Port A/B 
Register Register 


Data written to Port A goes to a temporary latch. When the Port B data register is later written, Port A data is 


Data is latched in the output data registers (final output latch) and will be single buffered at the pin if the DDR 
is 1. The output buffers will be turned off if the DDR is 0. 
The output drivers that connect the final output latch to the pins are turned on. 


DDR =0 


FOL, S.B. 
Note 2 
JOL/FOL. 
D.B., 
Note 1 






FOL, S.B. 
Note 2 
1OL/FOL. 
D.B., 
Note 1 



















S.B. — Single Buffered 
D.B. — Double Buffered 
DDR — Data Direction Register 


data register. (The HD68450 DMAC can be programmed to 
perform the exact transfers needed for compatibility with the 
PI/T.) H4 may be programmed for all five of the handshake 
options mentioned in the Port General Information and Con- 
ventions section. 

For pins used as outputs, the data path consists of a single 
latch driving the output buffer. Data written to the port’s 
data register does not affect the operation of any handshake 
pin, status bit, or any other aspect of the PI/T. Thus, output 
pins may be used independently of the input transfer. 
However, read bus cycles to the Port B Data Register do remove 
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data, so care should be taken to avoid unwanted read cycles. 


H1 
H2 


AandB 
(16) 








Latched, Double- 
Buffered Input 
H3 

H4 


Figure 14 Mode 1 Port B Submode X0 


(2) Port B Submode X1 (16-Bit Double-Buffered Output) 


H1 
H2 


A and B 
(16) 


Double-Buffered 
Output 


H3 
H4 


Figure 15 Mode 1 Port B Submode X1 


Refer to PARALLEL PORTS Double-Buffered Input Trans- 
fers for a sample timing diagram (Figure 9). 
In Mode 1 Port B Submode X1, double-buffered output trans- 
fers of up to 16 bits may be obtained. Data is written by 
the bus master (processor or DMA controller) in two bytes. 
The first byte (most-significant) is written to the Port A Data 
Register. It is stored in a temporary latch until the next byte 
is written to the Port B Data Register. Then all 16 bits are 
transferred to the final output latches of Ports A and B. Both 
options for interpretation of the H3S status bit, mentioned in 
Port General Information and Comments section, are available 
and apply to the 16-bit port as a whole. The DMAREQ pin may 
be used to signal a DMA controller to transfer another word to 
the port output latches. (The HD68450 DMAC can be program- 
med to perform the exact transfers needed for compatibility 
with the PI/T.) H4 may be programmed for all five of the 
handshake options mentioned in Port General Information and 
Comments section. 


For pins used as inputs, data written to either data register 
is double-buffered and passed to the initial or final output 
latch, as usual, but the output buffer is disabled. 

Refer to PARALLEL PORTS Double-Buffered Input/Out- 
put Transfer for a sample timing diagram (Figure 10). 


@ Mode 2 — Bidirectional 8-Bit Mode 


A (8) 







Bit 1/0 


B (8) 


Bi-directional 8 Bit 


H1 Output 
H2 Transfers 
H3 : Input 

H4 Transfers 


Figure 16 Mode 2 


In Mode 2, Port A is used for simple bit I/O with no associat- 
ed handshake pins. Port B is used for bidirectional 8-bit double- 
buffered transfers. H1 and H2, enabled by the H12 Enable bit 
in the Port General Control Register, control output transfers, 
while H3 and H4, enabled by the Port General Control Register 
bit H34 Enable, control input transfers. The instantaneous 
direction of the data is determined by the H1 handshake pin. 
The Port B Data Direction Register is not used. The Port A 
and Port B submode fields do not affect PI/T operation in 
Mode 2. 

(1) Double-Buffered I/O (Port B) 

The only aspect of bidirectional double-buffered transfers 
that differs from the uni-directional modes lies in controlling 
the Port B output buffers. They are controlled by the level of 
H1. When H1 is negated, the Port B output buffers (all 8) are 
enabled and the pins drive the bidirectional bus. Generally, H1 
is negated in response to an asserted H2, which indicates that 
new output data is present in the double-buffered latches. 
Following acceptance of the data, the peripheral asserts H1, 
disabling the Port B output buffers. Other than controlling the 
output buffer, H1 is edge-sensitive as in other modes. Input 
transfers proceed identically to the double-buffered input 
protocol described in the Port General Information and Con- 
ventions Section. In Mode 2, only the interlocked and pulsed 


Table 8 Mode 2 Port B Data Paths 


Abbreviations: 


10L — Initial Output Latch 
FOL — _ Final Output Latch 





FIL, D.B. 









Read Port B 
Data Register 


Write Port B 
Data Register 
iOL/FOL, D.B. 


DB. — 









Double Buffered 
Final Input Latch 
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handshake pin options are available on H2 and H4. The 
DMAREQ pin may be associated with either input transfers 
(H3) or output transfers (H1), but not both. Refer to Table 8 
for a summary of the Port B Data Register responses in Mode 2. 
(2) Bit 1/O (Port A) 

Mode 2, Port A performs simple bit I/O with no associated 
handshake pins. This configuration is intended for applications 
in which several independent devices must be controlled or 
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monitored. Data written to the Port A data register is single- 
buffered. If the Port A Data Direction Register bit for that 
pin is 1 (output), the output buffer is enabled. If it is 0, data 
written is still latched but not available at the pin. Data read 
from the data register is either the instantaneous value of the 
pin or what was written to the data register, depending on the 
contents of the Port A Data Direction Register. This is sum- 
marized in Table 9. 


Table 9 Mode 2 Port A Data Paths 


Abbreviations: 


S.B. — 
FOL — 


Single Buffered 
Final Output Latch 


© Mode 3 — Bidirectional 16-Bit Double 
Buffered 1/O 


A and B 
(16) 


Bi-directional 16-Bit 
H1 Output 
H2 y Transfers 


H3 ; Input 
H4 Transfers 


Figure 17 Mode 3 


In Mode 3, Ports A and B are used for bidirectional 16-bit 
double-buffered transfers. Hl and H2 control output trans- 
fers, while H3 and H4 control input transfers. (H1 and H2 are 
enabled by the H12 Enable bit while H3 and H4 are enabled by 
the H34 Enable bit of the Port General Control Register.) The 
instantaneous direction of the data is determined by the H1 
handshake pin, and thus, the data direction registers are not 
used. The Port A and Port B submode fields do not affect 
PI/T operation in Mode 3. 

The only aspect of bidirectional double-buffered transfers 
that differs from the unidirectional modes lies in controlling 
the Port A and B output buffers. They are controlled by the 
level of Hi. When H1 is negated, the output buffers (all 16) 
are enabled and the pins drive the bidirectional bus. General- 
ly, H1 is negated in response to an asserted H2, which indicates 





that new output data is present in the double-buffered latches. 
Following acceptance of the data, the peripheral asserts H1, 
disabling the output buffers. Other than controlling the output 
buffers, H1 is edge-sensitive as in other modes. Input transfers 
proceed identically to the double-buffered input protocol 
described in the Port General Information and Conventions 
section. Port A and B data is latched with the asserted edge of 
H3. In Mode 3, only the interlocked and pulsed_handshake 
pin options are available to H2 and H4. The DMAREQ pin 
may be associated with either input transfers (H3) or output 
transfers (H1), but not both. H2 indicates when new data is 
available in the Port B (and implicitly Port A) output latches, 
but unless the buffer is enabled by H1, the data is not driving 
the pins. 

Mode 3 can provide convenient high-speed 16-bit transfers. 
The Port A and B Data Registers are addressed for compati- 
bility with the HD68000’s Move Peripheral (MOVEP) instruc- 
tion and with the HD68450 DMAC. To take advantage of this, 
Port A should contain the most-significant data and always be 
read or written by the bus master first. The interlocked and 
pulsed handshake protocols are keyed to accesses to the Port B 
Data Register in Mode 3. If it is accessed last, the 16-bit double- 
buffered transfer proceed smoothly. Refer to Table 10 for a 
summary of the Port A and B data paths in Mode 3. 


fi DMA REQUEST OPERATION 

The Direct Memory Access Request (DMAREQ) pulse can 
be associated with output or input transfers to keep the initial 
and final output latches full or initial and final input latches 
empty respectively. Figure 18 and 19 show all the possible 
paths in generating DMA requests. 
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Table 10 Mode 3 Port A and B Data Paths 


Read Port A and B 
Data Register 


Write Port A and B 
Data Register 


Note 1: 
transferred to IOL/FOL. 


Abbreviations: 


1IOL — Initial Output Latch 
FOL —_ Final Output Latch 
FIL — Final Input Latch 


Data in Output Latches 


Fg aaa 


Bus Write 


DMA Request 


Bus Write DMA Request 


No DMA Request 


aa 


Figure 18 DMAREOQ Associated with Output Transfers 


@ TIMER 

The HD68230 timer can provide several facilities needed 
by HD68000 operating systems. It can generate periodic in- 
terrupts, a square wave, or a single interrupt after a programmed 
time period. Also, it can be used for elapsed time measurement 
or as a device watchdog. This section describes the program- 
mable options available, capabilities, and restrictions that apply 
to the timer. 

The PI/T timer contains a 24-bit synchronous down counter 
that is loaded from three 8-bit Counter Preload Registers. 
The 24-bit counter may be clocked by the output of a 5-bit 
(divide-by-32) prescaler or by an external timer input TIN. If 
the prescaler is used, it may be clocked by the system clock 
(CLK pin) or by the TIN external input. The counter signals 
the occurrence of an event primarily through zero detection. 
(A zero is when the counter of the 24-bit timer is equal to 
zero.) This sets the zero detect status (ZDS) bit in the Timer 
Status Register. It may be checked by the processor or may be 
used to generate a timer interrupt. The ZDS bit is reset by 
writing a 1 to the Timer Status Register in that bit position. 

The general operation of the timer is flexible and easily 
programmable. The timer is fully configured and controlled 
by programming the 8-bit Timer Control Register. It controls: 
(1) the choice between the Port C operation and the timer 





No DMA Request 


Peripheral Accepts Data 


Peripheral Accepts Data 


Data written to Port A goes to a temporary latch. When the Port B data register is later written. Port A data is 


S.B. — 
D.B. — 


Single Buffered 
Double Buffered 


Data in Input Latches 


Pg Pe 


Peripheral Provides Data No DMA Request 


' 


DMA Request Bus Read 


Sa 


Peripheral Provides Data DMA Request 


No DMA Request Bus Read 


Figure 19 DMAREO Associated with Input Transfers 


operation of three timer pins, 

(2) whether the counter is loaded from the Counter Preload 
Register or rolls over when zero detect is reach, 

(3) the clock input, 

(4) whether the prescaler is used, and 

(5) whether the timer is enabled. 


@® RUN/HALT Definition! 

The overall operation of the timer is described in terms of 
the run or halt states. The control of the current state is de- 
termined by programming the Timer Control Register. When 
in the halt state, all of the following occur. 

(1) The prior contents of the counter is not altered and is 

reliably readable via the Count Registers. 

(2) The prescaler is forced to $1F whether or not it is used. 

(3) The ZDS status bit is forced to 0, regardless of the possible 
zero contents of the 24-bit counter. 

The run state is characterized by: 

(1) The counter is clocked by the source programmed in 
the Timer Control Register. 

(2) The counter is not reliably readable. 

(3) The prescaler is allowed to decrement if programmed for 
use. 

(4) The ZDS status bit is set when the 24-bit counter transi- 
tions from $000001 to $000000. 
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© Timer Rules 
This section provides a set of rules that allow easy applica- 
tion of the timer. 


(1) When the RESET pin is asserted, all bits of the Timer 
Control Register go to 0, configuring the dual function 
pins as Port C inputs. 

(2) The contents of the Counter Preload Registers and counter 
are not affected by the RESET pin. 

(3) The Count Registers provide a direct read data path from 
each portion of the 24-bit counter, but data written to 
their addresses is ignored. (This results in a normal bus 
cycle.) These registers are readable at any time, but their 
contents are never latched. Unreliable data may be read 
when the timer is in the run state. 

(4) The Counter Preload Registers are readable and writable 
at any time and this occurs independently of any timer 
operation. No protection mechanisms are provided against 
ill-timed writes. 

(5) The input frequency to the 24-bit counter from the TIN 
pin or prescaler output, must be between 0 and the in- 
put frequency at CLK pin divided by 32 regardless of the 
configuration chosen. 

(6) For configurations in which the prescaler is used (with the 
CLK pin or TIN pin as an input), the contents of the 
Counter Preload Register (CPR) is transferred to the 
counter the first time that the prescaler passes from $00 to 
$1F (rolls over) after entering the run state. Thereafter, 
the counter decrements or is loaded from the Counter 
Preload Register when the prescaler rolls over. 

(7) For configurations in which the prescaler is not used, 
the contents of the Counter Preload Registers are trans- 
ferred to the counter on the first asserted edge of the TIN 
input after entering the run state. On subsequent asserted 
edges the counter decrements or is loaded from the Counter 
Preload Registers. 

(8) The lowest value allowed in the Counter Preload Register 
for use with the counter is $000001. 


© Timer Interrupt Acknowledge Cycles 
Several conditions may be present when the timer interrupt 
acknowledge pin (TIACK) is asserted. These conditions affect 
the PI/T’s response and the termination of the bus cycle. (see 
Table 11) 
Table 11 Response to Timer Interrupt 
Acknowledge 


PC3/TOUT Function Response to Asserted TIACK 
PC3 — Port C Pin No response. 
No DTACK. 
TOUT — Square Wave No response. 
No DTACK. 
TOUT — Negated Timer | No response. 
Interrupt Request No DTACK. 
TOUT — Asserted Timer Interrupt Vector Contents. 


Timer Interrupt DTACK Asserted. 
Request 
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@ TIMER APPLICATIONS SUMMARY 
This section outlines programming of the Timer Control 
Register for several typical examples. 


(1) Periodic Interrupt Generator 


Exe RISENER Ee 


TOUT/TIACK Z.D. Clock 
Control Ctrl. Control 











Timer 
Enable 






00 or 1X 


changed 


In this configuration the timer generates a periodic inter- 
rupt. The TOUT pin is connected to the system’s interrupt 
request circuitry and the TIACK pin may be used as an inter- 
rupt acknowledge input to the timer. The TIN pin may be 
used as a clock input. 

The processor loads the Counter Preload Registers and 
Timer Control Register, and then enables the timer. When 
the 24-bit counter passes from $000001 to $000000 the ZDS 
status bit is set and the TOUT (interrupt request) pin is asserted. 
At the next clock to the 24-bit counter it is again loaded with 
the contents of the CPR’s, and thereafter decrements. In 
normal operation, the processor must direct clear the status 
bit to negate the interrupt request. (Figure 20) 





}j~——__—__———— Run 
Timer 


Enable | 


$ FFFFFF 


24-bit 
counter 


$ 000000 


ZDS | | | | | 
TOUT \ | \ [ \ 
TIACK | | | | | | 


Figure 20 Periodic Interrupt Generator 





(2) Square Wave Generator 


Square Wave Generator 


eee: ne ce 


TOUT/TIACK Clock 
Control Ctrl. Control 





ae. 
Z2.D 


In this configuration the timer produces a square wave at 
the TOUT pin. The TOUT pin is connected to the user’s cir- 
cuitry and the TIACK pin is not used. The TIN pin may be 
used as a clock input. 

The processor loads the Counter Preload Registers and 
Timer Control Register, and then enables the timer. When 
the 24-bit counter passes from $000001 to $000000 the ZDS 

} ’ 












Timer 
Enable 





changed 


00 or 1X 
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Status bit is set and the TOUT (square wave output) pin is 
toggled. At the next clock to the 24-bit counter it is again 
loaded with the contents of the CPRs, and thereafter decre- 
ments. In this application there is no need for the processor 
to direct clear the ZDS status bit; however, it is possible for 
the processor to sync itself with the square wave by clearing 
the ZDS status bit, then polling it. The processor may also 
read the TOUT level at the Port C address. 

Note that the PC,/TOUT pin functions as PC3 following 
the negation of RESET. If used in the square wave configu- 
ration a pullup resistor may be required to keep a known 
level prior to programming. Prior to enabling the timer, TOUT 
is high. (Figure 21) 





De sea tee iO et nee 
Timer 
Enable | 
SFFFFFF 


24-Bit 
Counter 


$ 000000 


TOUT \ 


b—————— Square Wave ————- 
Figure 21 Square Wave Generator 
(3) Interrupt After Timeout 


Interrupt After Timeout 























7 
TO 


UT/ 
Con 


TIACK Z.D. Clock Timer 
trol Ctrl. Control Enable | 
1 x 1 1 0 00 or 1X changed 


In this configuration the timer generates an interrupt after 
a programmed time period has expired. The TOUT pin is 
connected to the system’s interrupt request circuitry and the 
TIACK pin may be an interrupt acknowledge input to the 
timer. The TIN pin may be used as a clock input. 





pee Run. —~——---_-—-—->] 
Timer 


i 
Contro! “a = 


$ FFFFFF 


24-Bit 
Counter 


$ 000000 


ZDS | | 





Figure 22. Interrupt After Timeout 









This configuration is similar to the periodic interrupt gener- 
ator except that the Zero Detect Control bit is set. This forces 
the counter roll over after Zero Detect is reached, rather than 
reloading from the CPRs. When the processor takes the inter- 
rupt it can halt the timer and read the counter. This allows the 
processor to measure the delay time from Zero Detect (inter- 
rupt request) to entering the service routine. Accurate knowl- 
edge of the interrupt latency may be useful in some applica- 
tions. (Figure 22) 


@ Elapsed Time Measurement 
Elapsed time measurement takes several forms; two are 
described below. 


(1) System Clock 


System Clock 


; ! 
TOUT/TIAC Z.D. 
Control Ctrl. 
‘¢] 0 1 









Clock Timer 
Enable 


Contrel 
0 O changed 












: + | 
x 0 


This configuration allows time interval measurement by 
software. No timer pins are used. 

The processor loads the Counter Preload Registers (general- 
ly with all 1s) and Timer Control Register, and then enables 
the timer. The counter decrements until the ending event 
takes place. When it is desired to read the time interval, the 
processor must halt the timer, then read the counter. 

For applications in which the interval could have exceeded 
that programmable in this timer, interrupts can be counted 
to provide the equivalent of additional timer bits. At the end, 
the timer can be halted and read. 


(2) External Clock 


External Clock 



















eee ae ee 
TOUT/TIACK Z.D. | Clock Timer 
Control Ctrl. Control Enable | 
0 0) x 1 0 1 x changed 


This configuration allows measurement (counting) of the 
number of input pulses occurring in an interval in which the 
counter is enabled. The TIN input pin provides the input pulses. 
Generally the TOUT and TIACK pins are not used. 

This configuration is identical to the Elapsed Time Measure- 
ment/System Clock configuration except that the TIN pin is 
used to provide the input frequency. It can be connected to a 
simple oscillator, and the same methods could be used. Alter- 
nately, it could be gated off and on externally and the number 
of cycles occurring while in the run state can be counted. 
However, minimum pulse width high and low specifications 
must be met. (Figure 23) 
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Figure 23 Elapsed Time Measurement 


@ Device Watchdog 


Device Watching 
EES ERA ee eS 
| ema | Gr | + | con 
Control Ctrl. Control Enable 
0 
This configuration provides the watchdog function needed 


1 Xx 1 1 0 1 

in many systems. The TIN pin is the timer input whose period 
at the high (1) level is to be checked. Once allowed by the 
processor, the TIN input pin controls the run/halt mode. The 
TOUT pin is connected to external circuitry requiring notifi- 
cation when the TIN pin has been asserted longer than the 
programmed time. The TIACK pin (interrupt acknowledge) 
is only needed if the TOUT pin is connected to interrupt 
circuitry. 

The processor loads the Counter Preload Register and Timer 
Control Register, and then enables the timer. When the TIN 
input is asserted (1, high) the timer transfers the contents of 
the Counter Preload Register to the counter and begins count- 
ing. If the TIN input is negated before Zero Detect is reached, 
the TOUT output and the ZDS status bit remain negated. If 
Zero Detect is reached while the TIN input is still asserted the 
ZDS status bit is set and the TOUT output is asserted. (The 
counter rolls over and keeps on counting.) 

In either case, when the TIN input is negated the ZDS 
status bit is 0, the TOUT output is negated, the counting 
stops, and the prescaler is forced to all 1s. (Figure 24) 
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changed 
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Figure 24 Device Watchdog 
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Mi BUS INTERFACE CONNECTION 

The PI/T has an asynchronous bus interface, primarily 
designed for use with the HD68000 microprocessor. With 
care, however, it can be connected to synchronous micro- 
processor buses. This section completely describes the PI/T’s 
bus interface, and is intended for the asynchronous bus designer 
unless otherwise mentioned. 

In an asynchronous system the PI/T CLK may operate at a 
significantly different frequency, either higher or lower, than 
the bus master and other system components, as long as all 
bus specifications are met. The HD68230 CLK pin has the 
same specifications as the HD68000 CLK, and must not be 
gated off at any time. 

The following signals generate normal read and write cycles 
to the PI/T: CS (Chip Select), R/W (Read/Write). RS1-RSS5S 
(five Register Select bits), D)-D, (the 8-bit bidirectional data 
bus), and DTACK (Data Transfer Acknowledge). To generate 
interrupt acknowledge cycles PC,/PIACK or PC,/TIACK is 
used instead of CS, and the Register Select pins are ignored. 
No combination of the following pins may be asserted simul- 
taneously: CS, PIACK, or TIACK. 





@ Read Cycles Via Chip Select 

This category includes all register reads, except port or 
timer interrupt acknowledge cycles. When CS is asserted, 
the Register Select and R/W inputs are latched internally. 
They must meet small setup and hold time requirements with 
respect to the asserted edge of CS. (See the AC ELECTRICAL 
CHARACTERISTICS table.) The PI/T is not protected against 
aborted (shortened) bus cycles generated by an Address Error 
or Bus Error exception in which it is addressed. 

Certain operations triggered by normal read (or write) bus 
cycles are not complete within the time allotted to the bus 
cycle. On example is transfers to/from the double-buffered 
latches that occur as a result of the bus cycle. If the bus 
master’s CLK is significantly faster than the | PI/T’s the possi- 
bility exists that, following the bus cycle, CS can be negated 
then re-asserted before completion of these internal operations. 
In this situation the PI/T does not recognize the re-assertion of 
CS until these operations are complete. Only at that time 
does it begin the internal sequencing necessary to react to the 
asserted CS. Since CS also controls the DTACK response, this 
“bus cycle recovery time” can be related to the CLK edge on 
which DTACK is asserted for that cycle. The PI/T will recog- 
nize the subsequent assertion of CS three (3) CLK periods after 
the CLK edge on which DTACK was previously asserted. 

The Register Select and R/W inputs pass through an internal 
latch that is transparent when the PI/T can recognize a new CS 
pulse (see above paragraph). Since the internal data bus of the 
PI/T is continuously enabled for read transfers, the read access 
time (to the data bus buffers) begins when the Register Selects 
are stabilized internally. Also, when the PI/T is ready to begia 
a new bus cycle, the assertion of CS enables the data bus buffers 
within a short propagation delay. This does not contribute to 
the overall read access time unless CS is asserted significantly 
after the Register Select and R/W inputs are stabilized (as may 
occur with synchronous bus microprocessors). 

.In addition to Chip Select’s previously mentioned duties, it 
controls the assertion of DTACK and latching of read data at 
the data bus interface. Except for controlling input latches 
and enabling the data bus buffers, all of these functions occur 
only after CS has been recognized internally and synchronized 
with the internal clock. Chip Select is recognized on the falling 
edge of the CLK if the setup time is met, DTACK is asserted 
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(low) on the next falling edge of the CLK. Read data is latched 
at the PI/T’s data bus interface at the same time DTACK is 
asserted. It is stable as long as Chip Select remains asserted 
independent of other external conditions. is 

From the above discussion it is clear that if the CS setup 
time prior to the falling edge of the CLK is met, the PI/T can 
consistently respond to a new read or write bus cycle every 
four (4) CLK cycles. This fact is especially useful in designing 
the PI/T’s clock in synchronous bus systems not using DTACK. 
(An extra CLK period is required in interrupt acknowledge 
cycles, see Read Cycles via Interrupt Acknowledge.) 

In asynchronous bus systems in which the PI/T’s CLK 
differs from that of the bus master, generally there is no way to 
guarantee that the CS setup time with respect to the PI/T 
CLK is met. Thus, the only way to determine that the PI/T 
recognized the assertion of CS is to wait for the assertion of 
DTACK. In this situation, all latched bus inputs to the PI/T 
must be held stable until DTACK is asserted. These include 
Register Select, R/W, and write data inputs (see below). 

System specifications impose a maximum delay from the 
trailing (negated) edge of Chip Select to the negated edge of 
DTACK. As system speeds increase this becomes more dif- 
ficult to meet with a simple pullup resistor tied to the DTACK 
line. Therefore, the PI/T provides an internal active pullup 
device to reduce the rise time, and a level-sensitive circuit 
that later turns this device off. DTACK is negated asynchro- 
nously as fast as possible following the rising edge of Chip 
Select, then three-stated to avoid interference with the next 
bus cycle. 








The system designer must take care that DTACK is negated 
and three-stated quickly enough after each bus cycle to avoid 
interference with the next one. With the HD68000 this neces- 
sitates a relatively fast external path from the data strobe to 
CS going negated. 


@ Write Cycles 

In many ways write cycles are similar to normal read cycles 
(see above). On write cycles, data at the Do-D7 pins must 
meet the same setup specifications as the Register Select and 
R/W lines. Like these signals, write data is latched on the 
asserted edge of CS, and must meet small setup and hold time 
requirements with respect to that edge. The same bus cycle 
recovery conditions exist as for normal read cycles. No other 
differences exist. 


® Read Cycles Via Interrupt Acknowledge 

Special internal operations take place on PI/T interrupt 
acknowledge cycles. The Port Interrupt Vector Register or 
the Timer Interrupt Vector Register are implicitly addressed 
by the assertion of PC,/PIACK or PC,/TIACK. respectively. 
The signals are first synchronized with the falling edge of the 
CLK. One clock period after they are recognized the data bus 
buffers are enabled and the vector is driven onto the bus. 
DTACK is asserted after another clock period to allow the 
vector some setup time prior to DIACK.DTACK is negated, 
then _three-stated as with normal read or write cycle, when 
PIACK or TIACK is negated. 
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Figure 25 HD68000 Interface-Example 
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MB RESTRICTION ON HD68230 USAGE 

The parallel interface/timer (PI/T) exhibits an anomaly du- 
ring interrupt acknowledge ([ACK) cycles for certain configura- 
tions of the part. If the PI/T is configured to have only one 
interrupt source (either the port or the timer), and pins 36 
(PC, /PIACK) and 37 (PC,/TIACK) are both low during IACK 
cycles, an incorrect vector number will be placed on the data 
bus and the interrupt vector register corresponding to the 
IACK cycles will be changed. 


Specifically, if: 
the PI/T is programmed to generate a vectored timer inter- 
rupt (ie., pin 33 is programmed as TOUT and pin 37 as 
TIACK), and pin 36 is programmed to be a general-purpose 
input or output that is low during TIACK cycles. 

or if 
the PI/T is programmed to generate a vectored port inter- 
rupt (ie., pin 35 is programmed as PIRQ and pin 36 as 
PIACK), and pin 37 is programmed to be a general-purpose 
input or output that is low during PIACK cycles, 

then, 
during IACK cycles, the PI/T will misinterpret the low 
signals present on pins 36 and 37 as simultaneously asserted 








PIACK and TIACK signals, which is an illegal condition. 


There is both a hardware solution and a software solution for 
this anomaly: 


Hardware: Insure that whichever of the two pins not program- 
med as an JACK input will be high during [ACK 
cycles. For example, if pin 37 is used as TIACK 
and pin 36 is programmed as a PC, input, force 
pin 36 high whenever pin 37 is low. This can be 
accomplished with either a pullup resistor or ex- 
ternal logic. 








Software: If only timer interrupts are to be used, initialize 
the PIVR with $FC and select a vector number 
for the TIVR that has the two least significant 
bits clear (i.e., binary xxxxxx00). If only port 
interrupts are to be used, initialize the TIVR with 
$FF and select any vector number for the PIVR. 


Note that this anomaly will not arise if the PI/T interrupts are 
autovectored (since no IACK signal will be required) or if the 
PI/T is programmed to accept both port and timer interrupt 
acknowledges (since external IACK logic will insure that pins 
36 and 37 are never low simultaneously). 
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HD63310 
S-DPRAM (Smart Dual Port RAM) 


—ADVANCE INFORMATION— 


The HD63310 (S-DPRAM) is a high intelligent DPRAM, 


which provide a communication path between multiprocessor 
systems. 


The HD63310 has 1024 x 8 bit RAM, 62 x 8 bit registers 


and individual dual I/O ports. The dual ports perform read/ 
write operations independently and simultaneously. 


User can select one of the two mode (DPRAM or FIFO 


mode) by the program. This architecture makes it possible to 
communicate efficiently according to applications. 


HD63310P-15, HD63310P-20 





= FEATURES 
@ 2 independent asynchronous bus operation Address/Data 
bus configurable as multiplexed or non-multiplexed bus. 
@ Dual port large scale data buffer space 
Dual port RAM mode: 1024 byte 
FIFO mode: 2 FIFOs for 1024 byte 
® 62 internal registers 
* Semaphore registers which support multi-processing 
(8 bit) 
* 32 registers which user can use freely Vec[t 48] RESET 
© Access Time Ao(A) [2 | Ao(B) 
150 ns/200 ns A,(A) [3 | [46] A,(B) 
@ Low power consumption AA) | 4 | | 45 | A2(B) 
2 um full CMOS circuit Ax(A)[5 | | 44] A3(B) 
A.(A) [6 | | 43] A.(B) 
@ TYPE OF PRODUCTS As(A) 42] As(B) 













[41] Ac(B)(As(B)/FRO9(B)) 
40] A,(B)(As(B)/FRO,(B)) 


Access Time 





HD63310P-15 AA)(AS(A)/  --  ) 139] A,(B)(AS(B)Y) — ) 
RS(A) [11 38] RS(B) 
HD63310P-20 RDS(A) [12] RDS(B) 
WRS(A) [13] 36 | WRS(B) 
READY (A) [14] [35] READY(B) 
IRQ(A) (15 | [34] 1RQ(B) 
Vss [16 | 133] Vss 
AD,(A) 132} AD.(B) 
AD, (A) [18] [31 | AD,(B) 
AD2(A) 19 | | 30 | AD.(B) 
AD3(A) [20 | [29] AO,(8) 
AD,(A) [21 28] AD,(B) 
AD;(A) [22] AD;(B) 
AD,(A) [23] | 26} AD,(B) 
AD,(A) [24] '25] AD,(B) 
(Top View) 
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= BLOCK DIAGRAM 
RDS(A) Operating Operating DS (B) 
WRSIA) paniae Mode = f=} Arbitor « F>]_— Mode tase WRSIB) 
RS(A) Select ; Select one RS (B) 
Ao~ As(A) Address = = Address Ao~ As(B) 

Port Address 
READY READY 

READY(A) Control 


Multiplexer 
TA)" * Checker 











g 


an 














Checker FRQ: (B)" 


Pointer 
Multiplexer 















Address 



















IRO an 
TROUA) iRO. Multiplexer Control IRQ(B) 
Control 
32Bytes PRAM | 
Control Control 
Register 1024 Bytes * Register 
(A) RAM e (B) 
a 
@ | Data 
* ADo~ AD2(B 
Koran} a _ 


[—wWibecoder | 


RESET Reset 
Control : ; 
* Switching of input by operating mode 
** FIFO mode only 


# SYSTEM BLOCK DIAGRAM 


Keyboard 
Inter face 
CRT 
Inter face 
Printer 
Inter face 









Local Bus 








MFD 
Inter face 


MFO MFD 
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Direct Memory Access Controller (CMOS) 


The HD63450 is the CMOS Direct Memory Access Controller HD63450-8 
(DMAC). It is upward compatible with the NMOS DMAC HD634 50-10, 
sonia Rae HD63450-12 

In addition to the NMOS DMAC HD68450 features, the 
HD63450 performs one or several blocks of data transfer (Oper- 
and; byte, word, or long word) between memory and peripheral 
device at high speed. The block transfer restart operation is pro- 
vided (Multi-Block Transfer with DONE Mode). The number of 
operands in a block is determined by a transfer count. 

The power dissipation is lowered by the CMOS process. 


(DC-64) 


@ FEATURES HD63450Y-8, 

¢ HD68000 Bus Compatible HD63450Y-10, 

e 4 independent DMA Channels with Programmable Priority HD63450Y-12 

e Memory-to-Memory, Memory-to-Device, Device-to-Memory 
Transfers 

¢ Programmable 8-Bit or 16-Bit |/O Device Types 

e Auto-Request and External-Request Transer Modes 

e Interface Lines for Requesting, Acknowledging, and Inciden- 
tal Control of the Peripheral Devices 

¢ Block Transfer Operation 


In Single-Block: | © Unchaining Transfer (PGA-68) 
In Multi-Block: ¢ Continue Mode Transfer HD63450P-8, 
e Array-Chaining and Linked-Array- HD63450P-10, 
Chaining Transfers HD63450P-12 


¢ Multi-Block Transfer with DONE 
¢ 68000 Bus Exception Processing Support 
e 2 Vectored Interrupts for each Channel 
e Variable System Bus Bandwidth Rate Utilization 
e Fast Transfer Rates: Up to 5.0 Mbytes/sec. at 10.0 HMz 
e CMOS +5 Volts Operation 


(DP-64) 


HD63450PS-8, 
HD63450PS-10, 
HD63450PS- 12 


(DP-64S) 


HD63450CP-8, 
HD63450CP-10, 
HD63450CP-12 





(CP-68) 
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@ TYPE OF PRODUCTS 


Type No. Packaging 
HD63450-8 
HD63450-10 10MHz Bese 
HD63450Y-8 
HD63450Y-10 spas 
HD63450P-8 
HD63450P-10 10MHz Pies 
HD63450PS-8 
HD63450PS-10 10MHz aac 
HD63450CP-8 

< CP-68 
HD63450CP-10 10MHz 
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@ PIN ARRANGEMENT 






































































































































@ HD63450, HD63450P, HD63450PS e HD63450Y 
DDIR 
DBEN 
HIBYTE 
UAS 
OWN 
3 BR 
a BG 
Ai 
§ A2 
5S] Az 
4 Ag , 
an OGOC’ GOO 
52} Ac 51 49. 48,47, 46 
ET Vec GOOD SOTO OO 
5d As GQOOOGOOOOSO 
ss 
48} As /Do 
47] As /D: (Bottom View) 
4G Aio/D2 
a Ai1/D3 Pin No Function Pin No Function Pin No Function Pin No Function 
7 Ai2/Da 1 N/G [18 PCL: 35 Aio/Dit 52 BGACK 
= 2 Ai3/Ds 19 DTACK 36 Ai/Ds | 53 | tos 
Ai3/Ds 3. | An/Ds ae UbS | 37. | +~Ais/Dr Ss] Ss Vss 
A14/De 4 | Aio/Da 21 AS 38 Ai2/Da 55 | Vec 
A1s/D7 5 As/Do 22 R/W | 39 Ao/Di | 56 DONE 
A16/Ds 6 Ay 23. «| N/C 40 Vss 57 iRO 
A17/Do 7 Ke 24 | cs Ta Veo [58 | __ACKs 
A18/Dio0 8 | As 25 CLK 42 Aa [59 BEG? 
Ai9/Di1 9 |. A3 l 26 7 TACK 43s A2 “| 60 | BECo 
A20/D12 10 N/C 222 ACK3 44 BG 61 FCo 
A21/Di3 11 BR 28 | _ ACKo [4 | OWN [62 | Aa/Dis 
43 A22/Di4 12 UAS 29 BEC 46 HIBYTE 63 | Ais/Di0 
} A23/Dis 13 ‘| DBEN T 30 g FC2 an 47 ile DBIR r 64 | Aic/Ds 
14 REOs [31 FC: | 48 REG | 6s | Aia/De 
(Top View) 15 ae REO: _ Az3/Dis 49. PCLz 66 | Ai 
16 REOo 33 Az2/Dia 50 PCLo 67 OTC 
17 PCLs 34 Az0/Di2 51 | N/C 68 ACK: 
a ®HD63450CP 
: 
= = = 2 
alas Ie Baal 
SER EES Ae i 
oot folio} : 
BGACK N/C 
DT 50) A2 
DTACK A3 
UDS [3 7] A4 
LDS (4 3) A5 
AS 3] A6 
R/W U4 Vcc 
Vss A7 
N/C Vss 
vo 1 Aa 
cc 1 
CLK Ry TAN/Ds 
IACK 48} A11/D3 
IR 7) A12/D4 
DONE4 46] Ai3/Ds 
ACK3 23 5] Ai4/De 
ACK2 26 4) A1s/D7 
= Hoa Sisis 
AOG|SSG8 £2225 249 
ssekkees aaadaaSs 
<i<'aim Basst®%ag 
g¢eeqa* 
(Top View) 
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@ ABSOLUTE MAXIMUM RATINGS 


item Symbol Unit 
Supply Voltage Vcc V 
Operating Temperature Range Topr °C 


* With respect to Vss (SYSTEM GND) 
(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded Normal operation should be under recommended operating conditions 
If these conditions are exceeded, it could affect reliability of LSI. 


< 
=i 
* * 


™@ RECOMMENDED OPERATING CONDITIONS 


Item Symbol min typ max Unit 


Supply Voltage vor [475 | 50 ‘| 825 =| 
Input Voltage : = 


*With respect to Vss (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc=5V15%, Vss=OV, Ta=O~+ 70°C, unless otherwise noted.) 













Item Unit 
Input ‘High’ Voltage V 
Input ‘‘Low’’ Voltage V 
CS, IACK, BG, CLK, 
Input Leakage Current BECo~BEC2 uA 
REQo~REQ3 








A1~A7, Do~Dis/As~ Azz, 
AS, UDS, LDS, R/W, UAS, 
DTACK, BGACK, OWN, DTC, 
HIBYTE, DDIR, DBEN, 
FCo~FC2, PCLo~PCL3 


Three-State (Off State) 
Input Current 



























Open Drain (Off State) 
Ai~A7, Do~D15/As~Az3, 
AS, UDS, CDS, R/W, UAS, 
Output “High’ Voltage el eee say eal VoH lox= ~ 400uA 2A V 
ACKo~ACKs, PCLo~PCL3, 
FCo~FC2 
Awe, FOO FCs jazaama | 
Do~D:is/As~Azs, AS, UDS, 
LDS, R/W, BTACK, BR, 
Output “‘Low’’ Voltage OWN, DTC, HIBYTE, DDIR, Voi V 
DBEN, ACKo~ACKs, UAS, 
PCLo~PCLs, BGACK | | 
RO, DONE jaseoma | 
a ea = To 


C 
; in=OV 
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LOAD A LOAD B 
+5V +5V 
111kQ 
Test 5000 
Point 
130pF 
| 130pF 
iRG, DONE 


Ai ~Az, FCo~FC2 


Figure 1 Test Loads 





7100 


1$2074@ 
or 
Equivalent 





Do~D15/As~Az3, AS, UDS, LDS, 
R/W, DTACK, BR, OWN, BTC, 








@ AC ELECTRICAL SPECIFICATIONS (Vcc=5V+5%, Vss=OV, Ta=O~+ 70°C, unless otherwise noted.) 


WOlLOINI AD! a) Bi Wil yO i 


ry 
oS 


10A 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Symbol 


Frequency of Operation 
Clock Period 

Clock Width Low 

Clock Width High 
Clock Fall Time 

Clock Rise Time 


teyc 
tc. 


tcH 


a 


Cc 


~ 


oo 
YY 
NO 
oO 


slr 
o;}o 





Asynchronous Input Setup Time tasi 
Data in to DBEN Low 

DTACK Low to Data Invalid 

Address in to AS in Low 

AS, DS in High to Address in Invalid 
DS tn High to CS High 

Clock High to DDIR Low 

Clock High to DDIR High 

DS in High to DDIR High Impedance 
Clock Low to DBEN Low 

Clock Low to DBEN High 

DS in High to DBEN High Impedance 
Clock High to Data Out Valid (MPU read) 
DS in High to Data Out Invalid 

DS in High to Data High Impedance 
Clock Low to DTACK Low 

DS in High to DTACK High 

DTACK Width High 

DS in High to DTACK High Impedance 
DTACK Low to DS tn High 

REQ Width Low 

REQ Low to BR Low 

Clock High to BR Low 

Clock High to BR High 

BG Low to BGACK Low 

BR Low to MPU Cycle End (AS in High) 


toiDBL 
tDTLDI 


tAIASL 





tSIHAIV 





tDSHCSH 





tCHDRL 
tCHDRH 
tDSHDRZ 
tCLDBL 
tCLDBH 
toSHDBZ 
tcHDVM 


tDSHDZn 


tbSHDz 
tCLOTL 
tDSHDTH 


tOTH 


toSHDTZ 
tDTLDSH 
tREQL 
tRELBRL 
tCHBRL 
tCHBRH 
tBGLBL 


tBRLASH 





8MHz 


Test Version 


Condition 


10MHz 
Version Unit 
MHz 


ns 


10.0 
250 
125 
125 


125 
5 
5 


250 
125 
125} 45 
0 
0 


100 





ns 





on; o 


ns 





ns 





_ 
oO 


10 ns 





= 
n 





S 
n 





> 
n 





ns 





— 
ol 


ns 


a0 ae 
60s 
ns 
Peo rs 








N 
3 





Figurel 


~~ 


— 
nN 
© 








| 
n 








Figure8 





an 
OI NOININ 
oO;}oO;O0; 0 
— 

a 

(o>) 

3 

nn 


— 
RO 
oO 











70) | 60) 1s 
io] [ito | 
of [to] [om 




















ns 


4.5 | | 4s] | clk per 
off of | ms 


(to be continued) 
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No. 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 





52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 


31 





| 8MHz 10MHz 
Symbol Test Vers Version Unit 
ype Condition lon 


MPU Cycle End (AS in High) to BGACK Low 


REQ Low to BGACK Low 


tREQLBL 


Clock High to BGACK Low 


Clock High to BGACK High 





Clock Low to BGACK High Impedance 


Clock High to FC Valid 
Clock High to Address Valid 








Clock High to Address/FC/Data High Impedance 
Clock High to Address/FC/Data Invalid 
Clock Low to Address High Impedance 








Clock High to UAS Low 
Clock High to UAS High 


Clock Low to UAS High Impedance 


UAS High to Address Invalid 
Clock High to AS, DS Low 
Clock Low to DS Low (write) 
Clock Low to AS, DS High 


Clock Low to AS, DS High Impedance 


AS Width Low 
DS Width Low 
AS, DS Width High 


Address/FC Valid to AS, DS Low 
AS, DS High to Address/FC/Data Invalid 


Clock High to R/W Low 
Clock High to R/W High 


Clock Low to R/W High Impedance 


Address/FC Valid to R/W Low 
R/W Low to DS Low (write) 
DS High to R/W High 

Clock Low to OWN Low 

Clock Low to OWN High 





Clock High to OWN High Inpedance 


OWN Low to BGACK Low 
BGACK High to OWN High 
OWN Low to UAS Low 
Clock High to ACK Low 
Clock Low to ACK Low 
Clock High to ACK High 
ACK Low to DS Low 

DS High to ACK High 
Clock High to HIBYTE Low 
Clock Low to HIBYTE Low 
Clock High to HIBYTE High 











Clock Low to HIBYTE High Impedance 


Clock High to DTC Low 
Clock High to DTC High 


NO 


os 
Qa 
N 


tCHBH 
tCLBz 
tCHFCV 
tCHAV 
tCHAZx 


{tCHAZn 


tCHUL 
tCHUH 
tcLuz 
tuUHAI 
tCHSL 
tcLDsL * 
tCLSH 
tcLsz 
taSL 


tDSL 


ct 
n 
=x 


tAVSL 
tSHAZ 
tCHRL 
tCHRH 
tCLRZ 
TAVRL 


tRLSL 


tSHRH 
tCLoL 
tCLOH 
tCHOz 
tOLBL 
tBHOH 
tOLUL 
tCHACL 
tCLACL 


tCHACH 


tACLDSL 
{tDSHACH 


tCHHIL 


SDN 


tCLHIL 
tCHHIH 
tCLHiz 
tCHDTL 


tCHDTH 


2 


Nh Wi W 


ras[ 55] 45] 55) aw 
rest [es| | ame 
Cfo) [eof 
(P9060 | 
070 | 
Fie] 90 Js 
-—fi20| fit | 
100} | 100] ns 
of 


























ns 





90 ns 





60 ns 
| 60] ns 
: 


ns 











ns 





ns 





— 
NSN NW] ™N | © 
(o>) o;o; eo 


ns 





N SLD 
oO oO;o 
S 
n 


ns 





W 


— 

Oo 

oO 
— 
Xe) 
oO 


= 
n 





ns 





ry 
ol 
oO 


ns 





ns 





; — 
N|O;) >} 
oO; oa; o 





p=} 
n 





SIN 


=] 
n 





= 
n 





> 
nn 
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> 

© 
S 
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No 
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S 
wn 
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nr 
© 
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8MHz 10MHz 
: Symbol ore Version Version Unit 












No. 

77 [|| [70 
78 = [ [eons 
79 [20] os 





tCHDOL 


ioe) 
© 


Clock High to DONE Low 

Clock Low to DONE Low 

Clock High to DONE High 

Clock Low to DDIR High Impedance 
Clock Low to DBEN High Impedance 
DDIR Low to OBEN Low 

DBEN High to DDIR High 

DBEN Low to Address/Data High Impedance 
Clock Low to PCL Low (1/8 clock) 
Clock Low to PCL High (1/8 clock) 
PCL Width Low (1/8 clock) 

DTACK Low to Data In (setup time) 
DS High to Data Invalid (hold time) 
DS High to DTACK High 

Data Out Valid to DS Low 

Data In to Clock Low (setup time) 





tCLDOL 


0 
_ 





tCHDOH 


00 
DS) 





tCLDRZ 


0 
Ww 


| 80] | 70| as 





tcLDBz 


oo 
> 





toRLOBL 


00 
oa 





tDBHDRH 


oO 
oO 





tDBLAZ 





tCLPL 


[oe] 
00 





tCLPH 


oO 
ito) 


ive) 
~N 





tPCLL 


ite) 
oO 





tDALDI 


ite) 
pear 





Ke) 
Le) 





wo 
Ww 





toosi 


wo 
fs 





wo 
oO 


tDICcL 

















96 | BEC Low to DTACK Low tBECDAL | 50} | so] | ns 
97 | BEC Width Low tBECL 20) i, 20]. | clk per 
98 | Clock High to IRQ Low tCHIRL | | 7o] | 60] ns 
99 | Clock High to IRQ High tCHIRH | | 130] | 120] ns 
100 | READY In to DTC Low (Read) tRALDTL }145] | 120} | ns 





101 | READY In to DS Low (Write) tRALDSL 
102 | DS High to READY High 
103 | DONE In Low to DTACK Low 
104 | DS High to DONE In High 


105 | Asynchronous Input Hold Time 








tDOLDAL 
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Figure 2. Input Clock Waveform 


28 29 30 31 32 33 34 35 36 23 24 25 26 27 28 29 30 


MPU WRITE CYCLE 


* Data are latched at the end of clock 25 





Figure 3. AC Electrical Waveforms-MPU Read/Write 


REQ 
(Falling Edge Pick-up) 1. 
BR 


BG 


Cycle 


BUS Cycle : ‘ DMA Cycle MPU 


*REQ is picked up at the rising edge of CLK in cycle steal and burst modes. 





Figure 4 AC Electrical Waveforms-Bus Arbitration 
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*DTACK is picked up at the rising edge of CLK This is different from HD68000 
* «This timing is not related to DMA Read/Write (Single Cycle) sequence 


Figure 5 AC Electrical Waveforms-DMA Read/Write (Single Cycle) 
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a 
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ane < "30 eae 


* Data are latched at the end of clock 7 This timing 1s the same as HD68000 
**This timing 1s not related to DMA Read/Write (Dual Cycle) sequence This timing is only applicable when 1/8 clock pulse mode is selected 
* **This timing is applicable when a bus exception occurs 


Figure 6 AC Electrical Waveforms-DMA Read/Write (Dual Cycle) 
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10 11 12 13 #14 

CLK 

Ai~A7 


XDo~XDi5 


UAS 


AS 


9 10 11 12 13 14 





Figure 7 AC Electrical Waveforms-DMA Read/Write (Single Cycle with ACK and READY) 
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CLK 


Ai~Az 


XDo~XDi5 





Figure 8 AC Electrical Waveforms-DONE Input 


(NOTES for Figure 3 through 8) 
1) Setup time for the asynchronous inputs BG, BGACK, C5, TACK, AS, UDS, CDS, and R/W guarantees their recognition at the next falling edge of the clock. 
Setup time for BECO~BEC2, REQo~REQ3, PCLo~PCL3, DTACK, and DONE guarantees their recognition at the next rising edge of the clock 
2) Timing measurements are referred to and from a low voltage of 08 volts and a high voltage of 2 0 volts 
3) These waveforms should only be referred in regard to the edge-to-edge measurement of the timing specifications They are not intended as a functional 
description of the input and output signals Refer to other functional descriptions and ther related diagrams for device operation 
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@ INTRODUCTION 

The main purpose of a direct memory access (DMA) controller is 
to perform memory-to-memory, device-to-memory, and memory- 
to-device data transfers at high speed. The DMAC is required in 
any system including the device for data input/output like a 
floppy disk, a hard disk, a display terminal etc.. 


Figure 9 illustrates a typical system configuration using the 
DMAC. In this figure, the DMAC transfers blocks of data 
between the HDC and memory in a quick and efficient manner. 
Memory-to-memory data transfer is also provided by using data 
registers in the DMAC. Both 8-bit and 16-bit I/O devices are 
supportable. 8-/16-/32-bit data can be accessed in the DMA data 
transfer. 


@ OPERATION MODES 
The HD63450 DMAC operates through the MPU’s writing 
operation into the internal control registers, then the DMAC will 
be in one of three operating modes: 
1) MPU mode 
This is the state that the DMAC is chip-selected by another 
bus master in the system (MPU etc.), or that it is asserting 
the vector number during the interrupt acknowledge cycle. 
2) DMA mode 
This is the state that the DMAC is acting as a bus master to 
perform an operand transfer. The DMA bus cycle refers to 
the bus cycle that is executed by the DMAC in the DMA 
mode. 
3) IDLE mode : 
This is the state that the DMAC is reset by an external 
device. The DMAC is waiting for an access by MPU or an 
operand transfer request from a peripheral. Many of the bus 
control signals are three-stated. 


HD68000 MPU 
A D 
Address 
Sn 


eS 
SF este 


LS245 

Bi- 
directional 
Buffer 


HD63484 
ACRTC 


LS640 
Bi- 
directional 





Figure 9 Typical System Configuration 
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HD63450 


i SIGNAL DESCRIPTION 

In this data sheet, the state of the signals is described with 
“active/inactive” or “assert/negate”. 

Figure 10 illustrates the input and output signals. Each function 
is described in the following. 


CLK 


HD63450 
DMAC 





Figure 10 Input and Output Signals 


© Address/Data Bus (As/Do through Az3/D1s) 
Input/Output Three-statable 


These lines are time multiplexed for address and data bus. The 
lines DDIR, DBEN, UAS and OWN are used to control the 
demultiplexing of the data and address lines externally. 
Demultiplexing is explained in the later section. The bi- 
directional data bus is used to transfer data between DMAC, 
MPU, memory and I/O devices. 

Address lines are outputs to address memory and I/O devices. 








@ Address Bus (A: through A7) 
Input/Output Three-statable 


In the MPU mode, the DMAC internal registers are accessed 
with these lines and LDS, UDS. The address map for these 
registers is shown in Table 1. During a DMA bus cycle, A,-A, are 
outputs containing the low order address bits of the location 
being accessed. 


@ Function Code (FCo through FC2) 


Output Three-statable 


These output signals provide the function codes during DMA 
bus cycles. They are three-stated except in the DMA bus cycles. 
They are used to control the HD68000 memories. 


@ Clock (CLK) 
Input 


This is the input clock to the HD63450, and should never be 
terminated at any time. This clock can be different from the 
MPU clock since HD63450 operates completely asynchronously. 


@ Chip Select (CS) 
Input 
This input signal is used to chip select the DMAC in “MPU” 
mode. If the CS input is asserted during a bus cycle which is 
generated by the DMAC, the DMAC internally terminates the bus 


cycle and signals an address error. This function protects the 
DMAC from accessing its own register. 


@ Address Strobe (AS) 
Input/Output Three-statable 


In the “MPU mode”, this line is an input indicating valid 
address input, and during the DMA bus cycle it is an output 
indicating valid address output from the DMAC on the address 
bus. 

The DMAC monitors these input lines during bus arbitration to 
determine the completion of the bus cycle by the MPU or other 
bus masters. 


@ Upper Address Strobe (UAS) 
Output Three-statable 


This line is an output to latch the upper address lines on the 
multiplexed data/address lines. It is three-stated except in the 
“DMA mode”. 


@ Own (OWN) 
Output Three-statable 
This line is asserted by the DMAC during DMA mode, and is 
used to control the output of the address line latch. This line may 
also be used to control the direction of bi-directional buffers 
when loads on AS, LDS, UDS, R/W and other signals exceed the 


drive capability. It is three-stated in the “MPU mode” and the 
“IDLE mode”. 





@ Data Direction (DDIR) 
Output Three-statable 


This line controls the direction of data through the bi-di- 
rectional buffer which is used to demultiplex the data/address 
lines. It is three-stated during the “IDLE mode”. 


e Data Bus Enable (DBEN) 
Output Three-statable 


This line controls the output enable line of bi-directional 
buffers on the multiplexed data/address lines. It is three-stated 
during the “IDLE mode”. 


@ High Byte (HIBYTE) 
Output Three-statable 


This line is used when the operand size is byte in the single 
addressing mode. It is asserted when data is present on the upper 
eight bits of the data bus. It is used to control the output of 
bidirectional buffers which connects the upper eight bits of the 
data bus with the lower eight bits. It is three-stated during the 
“MPU mode” and the “IDLE mode”. 
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@ Read/Write (R/W) 
Input/Output Three-statable 


This line is an input during the “MPU mode” and an output 
during the “DMA mode”. It is three-stated during the “IDLE 
mode”. It is used to control the direction of data flow. 


@ Upper Data Strobe (UDS), Lower Data Strobe (LDS) 
Input/Output Three-statable 


These lines are extensions of the address lines indicating which 
byte or bytes of data of the addressed word are being addressed. 
These lines combined corresponds to address line A, in table 1. 


e@ Data Transfer Acknowledge (DTACK) 
Input/Output Three-statable 


In the “MPU mode”, this line is an output indicating the 
completion of Read/Write bus cycle by the MPU. 

In the “DMA mode”, the DMAC monitors this line to determine 
when a data transfer has completed. In the event that a bus 
exception is requested, except for HALT, prior to or concurrent 
with DTACK, the DTACK response is ignored and the bus 
exception is honored. In the “IDLE mode”, this signal is three- 
stated. 





e@Bus Exception Controls (BECo through BEC2) 


Input 


These lines provide an encoded signal input indicating an 
exceptional condition in the DMA bus cycle. See bus exception 
section for details. 


@ Bus Request (BR) 


Output 


This output line is used to request ownership of the bus by the 
DMAC. 


@ Bus Grant (BG) 
Input 


This line is used to indicate to the DMAC that it is to be the 
next bus master. The DMAC cannot assume bus ownership until 
both AS and BGACK become inactive. Once the DMAC acquires 
the bus, it dose not continue to monitor the BG input. 


@ Bus Grant Acknowledge (BGACK) 
Input/Output Three-statable 


Bus Grant Acknowledge (BGACK) is a bi-directional control 
line. As an output, it is generated by the DMAC to indicate that 
it is the bus master. 

As an input, BGACK is monitored by the DMAC, in limited 
rate auto-request mode, to determine whether or not the current 
bus master is a DMA device or not. BGACK is also monitored 
during bus arbitration in order to assume bus ownership. 


@ interrupt Request (IRQ) 
Output Open drain 


This line is used to request an interrupt to the MPU. 


@interrupt Acknowledge (IACK) 
Input 


This line is an input to the DMAC indicating that the current 
bus cycle is an interrupt acknowledge cycle by the MPU. The 
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DMAC responds the interrupt vector of the channel with the 
highest priority requesting an interrupt. There are two kinds of 
the interrupt vectors for each channel: normal (NIV) or error 
(EIV). [ACK is not serviced if the DMAC has not generated IRQ. 








@ Channel Request (REQo through REQs) 
Input 


These lines are the DMA transfer request inputs from the 
peripheral devices. 

These lines are falling edge sensitive inputs when the request 
mode is cycle steal. They are low-level sensitive when the request 
mode is burst. 


@ Channel Acknowledge (ACKo through ACK3) 


Output 


These lines indicate to the I/O device requesting a transfer that 
the request is acknowledged and the transfer is to be performed. 
These lines may be used as a part of the enable circuit for bus 
interface to the peripheral. 


® Peripheral Control Line (PCLo through PCL3) 


Input/Output Three-statable 


The four lines (PCL,>~PCL;) are multi-purpose lines which 
may be individually programmed to be a START output, an 
Enable Clock input, a READY input, an ABORT input, a 
STATUS input, or an INTERRUPT input. 

REQ,, ACKx, and PCL, are provided for each channel. 











@ Done (DONE) 
Input/Output 


As an output, this line is asserted concurrently with the ACK, 
timing to indicate the last data transfer to the peripheral device. 
As an input, it allows the peripheral device to request a normal 
termination of the DMA transfer. 


Open Drain 


@Device Transfer Complete (DTC) | 
Output Three-statable 


This line is asserted when the DMA bus cycle has terminated 
normally with no exceptions. It may be used to supply the data 
latch timing to the peripheral device. In this case, data is valid at 
the falling edge of DTC. 
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@ INTERNAL ORGANIZATION 

The DMAC has four independent DMA channels. Each channel 
has its own set of channel registers. These registers define and 
control the activity of the DMAC in processing a channel 
operation. 


7 0 
Channel 
|__ Status Register_| (SF) 
Channel 
Error Register| (CER) 


Device 
Contro! Register (DCR) 


Operation 
|__Contro! Register _| 
Sequence 
Contro! Register | Co 

Channet 
|__Gontrot Register_| (CCR) 

Normal 
|__Interrupt Vector__| SN”) 

Error 
Interrupt Vector (EIV) 
ne ee 
Channel (CPR) 


Priority Register channel 
Memory 


Function Codes (MFC) 


Device 
|__ Function Codes__| OFC) 


Base 
Function Codes 


(OCR) 


One set per 





(BFC) 





| 
Memory Transfer Counter (MTC) 





Base Transfer Counter | (BTC) 





Memory Address Register (MAR) 





—| 
Device Address Register (DAR) 








Base Address Register (BAR) 








7 
[ General (GCR) = per 


Control Register MAC 





Figure 11 Internal Registers 


@ Register Organization 

The internal register addresses are represented in Table 1. 
Address space not used within the address map is reserved for 
future expansion. A read from an unused location in the map 
results in a normal bus cycie with all ones for data. A write to 
one of these locations results in a normal bus cycle but no write 
occurs. 


Unused bits of the defined registers in Table 1 are read as zeros. 


Table 1 Internal Register Addressing Assignments 


’ Address Bits 


Channel Status Register 
Channel Error Register 
Device Control Register 
Operation Control Register 
Sequence Control Register 
Channel Control Register 
Memory Transfer Counter 
Memory Address Register 
Device Address Register 
Base Transfer Counter 
Base Address Register 
Normal Interrupt Vector 
Error Interrupt Vector 
Channel Priority Register 
Memory Function Codes 
Device Function Codes 
Base Function Codes 
| General Control Register 
cc: SS: 
00-Channel #0 00-High-order 
01-Channel #1 01-Upper middle 
10-Channel #2 10-Lower middle 
11-Channel #3 11-Low-order 


io) 

































RPaqnqanagngaagagnaanaaagnadgnqagnandandna 
KH OOdoddoOrdodunNrnunrrr OOOO 
RSP Ree eR Rk Yon norOoOroro 





0-High-order 
1-Low-order 







*xsee Channel Status Register section in page 17 





® Device Control Register (DCR) 

The DCR is a device oriented control register. The XRM bits 
specify whether the channel is in burst or cycle steal request 
mode. The DTYP bits define what type of device is on the 
channel. If the DT YP bits are programmed to be a HMCS6800 
device, the PCL definition is ignored and the PCL line is an 
Enable clock input. If the DTYP bits are programmed to be a 
device with READY, the PCL definition is ignored and the PCL 
line is a READY input. The DPS bit defines the port size (eight 
or sixteen bits) of the peripheral device. (A port size is the largest 
data which the peripheral device can transfer during a DMA bus 
cycle.) The PCL bits define the function of the PCL line. If the 
DTYP bits are programmed to be HMCS6800 device, or Device 
with ACK and READY, these definitions are ignored. The XRM 
bits are ignored if an auto-request mode (REQG=00 or 01 in 
Operation Control Register) is selected. 








7 6 5 4 3 2 i 0 
XRM DTYP FDPS | 0 | PCL 


XRM (EXTERNAL REQUEST MODE) 
00 Burst Transfer Mode 
01 (undefined, reserved) 
10 Cycle Steal Mode without Hold 
11 Cycle Steal Mode with Hold 


DTYP (DEVICE TYPE) 

00 HD68000 compatible device, explicitly addressed 
(dual addressing mode) 

01 HD6800 compatible device, explicitly addressed 
(dual addressing mode) 

10 Device with ACK, implicitly addressed 
(single addressing mode) 

11 Device with ACK and READY, implicitly addressed 
(single addressing mode) 





DPS (DEVICE PORT SIZE) 
0 8 bit port 
1 16 bit port 


PCL (PERIPHERAL CONTROL LINE) 
00 Status Input 
01 Status Input with Interrupt 
10 1/8 Start Pulse 
11 Abort Input 


Bit 2 Not Used 


@ Operation Control Register (OCR) 

The OCR is an operation control register. The DIR bit defines the 
direction of the transfer. The BTD bit defines the execution of 
the multi-block transfer with DONE. The SIZE bits define the 
size of the operand. The CHAIN bits define the type of the 
CHAIN mode. The REQG bits define how requests for transfers 
are generated. 





7 6 5 4 3 2 1 0 
[ow [oro [sae] cian 


DIR (DIRECTION) 
0 Transfer from memory to device 
(transfer from MAR address to DAR address) 
1 Transfer from device to memory 
(transfer from DAR address to MAR address) 
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BTD (MULTI BLOCK TRANSFER WITH DONE MODE) 
0 Terminates channel operation after the current DMA 
bus cycle completion 
1 Restarts next block transfer after the current DMA bus 
cycle completion 
See Page 47 Note 2 for details 


SIZE (OPERAND SIZE) 
00 Byte (8 bits) 
01 Word (16 bits) 
10 Long Word (32 bits) 
11 Byte Transfer without Packing 
(Port size: 8 bits) 


CHAIN (CHAINING OPERATION) 
00 Chain operation is disabled 
01 (undefined, reserved) 

10 ~=Array Chaining 
11 Linked Array Chaining 


REQG (DMA REQUEST GENERATION METHOD) 

00  Auto-request at transfer rate limited by General Control 
Register (Limited Rate Auto-Request) 

01 Auto-request at maximum rate 

10 REQ line requests an operand transfer 

11 Auto-request the first operand, external request for 
subsequent operands 

See Page 47 Note 2 for details 


@ Sequence Control Register (SCR) 
The SCR is used to define the sequencing of memory and device 
addresses. 

0 


7 6 5 4 3 2 1 
po fo }o}lo} mc | ac 
MAC (MEMORY ADDRESS COUNT) 

00 Memory address register does not count 
01 Memory address register counts up 


10 Memory address register counts down 
11 =‘ (undefined, reserved) 


DAC (DEVICE ADDRESS COUNT) 
00 Device address register does not count 
01 Device address register counts up 
10 Device address register counts down 
ll (undefined, reserved) 


Bits 7, 6, 5, 4 Not Used 


@ Channel Control Register (CCR) 

The CCR is used to start or terminate the operation of a channel. 
This register also determines if an interrupt request is to be 
generated. Setting the STR bit causes immediate activation of 
the channel; the channel will be ready to accept request 
immediately. The STR and CNT bits of the register cannot be 
reset by a write to the register. The SAB bit is used to terminate 
the operation forcedly. Setting the SAB bit will reset STR and 
CNT. Setting the HLT bit will halt the channel operation, and 
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STR (START OPERATION) 
0 No operation is pending 
1 Start operation 


CNT (CONTINUE OPERATION) 
0 No continuation is pending 
1 Continue operation 


HLT (HALT OPERATION) 
0 Operation not halted 
1 Operation halted 


SAB (SOFTWARE ABORT) 
0 Channel operation not aborted 
1 Abort channel operation 


INT (INTERRUPT ENABLE) 
0 No interrupts enabled 
1 Interrupts enabled 


Bits 2, 1, 0 Not Used 


@ Channel Status Register (CSR) 
The CSR is a register containing the status of the channel. 


ys 6 5 4 3 2 1 0 
[coe [ore [nor [eee [aor [or [ror [os 


COC (CHANNEL OPERATION COMPLETE) 
0 Channel operation incomplete 
1 Channel operation complete 


BTC (BLOCK TRANSFER COMPLETE) 
0 Block transfer incomplete 
1 __‘ Block transfer complete 


NDT (NORMAL DEVICE TERMINATION) 
0 No normal device termination by DONE input 
Device terminated operation normally by DONE input 





ERR (ERROR BIT) 
0 No errors 
Error as coded in CER 


ACT (CHANNEL ACTIVE) 
0 Channel not active 
1 Channel active 


DIT (DONE INPUT TRANSITION) 
0 No DONE input transition occurred 
1 DONE input transition occurred when BTD bit is set 





PCT (PCL TRANSITION) 
0 No PCL transition occurred 
1 PCL transition occurred 


PCS (THE STATE OF THE PCL INPUT LINE) 
0 PCL “Low” 


clearing the HLT bit will resume the operation. Setting start bit 1 PCL “High” 
must be done by byte access. Otherwise, timing error occurs. \ 
7 6 5 4 3 2 1 0 
[are [owr[ur Toes wr] © [oe fo 
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@ Channel Error Register (CER) 

The CER is an error condition status register. The ERR bit of 
CSR indicates if there is an error or not. Bits 0-4 indicate what 
type of error has occurred. 


7 6 5 4 3 2 1 0 


Fo | 0 | ERROR CODE 


Error Code 
00000 No error 
00001 Configuration error 
00010 Operation timing error 
00101 Address error in MAR 
00110 Address error in DAR 
00111 Address error in BAR 
01001 Bus error in MAR 
01010 Bus error in DAR 
01011 Bus error in BAR 
01101 Count error in MTC 
01111 Count error in BTC 
10000 External abort 
10001 Software abort 


Bits 7, 6, 5 Not Used 


@ Channel Priority Register (CPR) 

The CPR is used to define the priority level of the channel. 
Priority level 0 is the highest and priority level 3 is the lowest 
priority. 


7 6 5 4 3 2 1 0 
po fotof;o}olo} ow 
CP (CHANNEL PRIORITY) 

00 Priority level 0 
01 Priority level 1 


10 Priority level 2 
11 Priority level 3 


Bit 7 through 2 Not Used 


@ General Control Register (GCR) 

The GCR is used to define what portion of the bus cycles is 
available to the DMAC for limited rate auto-request generation. 
GCR is also used to specify the hold time for cycle steal mode 
with hold. 


7 6 5 4 3 2 1 0 
Eres Ens ae eee 
BT (BURST TIME) 


The number of DMA clock cycles per burst that the DMAC 
allows in the auto-request at a limited rate of transfer is 
controlled by these two bits. The number is 27+” (two to the BT 


+4 power). 
00 [16 Clocks 








(o>) 






= 









BR (BANDWIDTH RATIO) 

The amount of the bandwidth utilized by the auto-request at a 
limited rate transfer is controlled by these two bits. The ratio is 
28+) (two to the BR+1 power). 


"aR | Bandwidth Ratio | 
00 [80.00% 


The hold time for cycle steal mode with hold is defined to be 
minimum of 1 sample interval and maximum of 2 sample 
intervals. A sample interval is defined to be 2°7*®*® (two to the 
BT+BR+5 power) clock cycles. 















—_ 


Bit 7 through 4 Not Used 


@ Address Registers (MAR, DAR, BAR) 

Three 32-bit registers are utilized to implement the Memory 
Address Register, Device Address Register, and the Base Address 
Register. Only the least significant twenty-four bits are con- 
nected to the address output pins. The content of the MAR is 
outputted when the memory is accessed in single or dual ad- 
dressing mode. The content of the DAR is outputted when the 
peripheral device is accessed. The contents of the BAR is 
outputted when reading chain information from memory in the 
Array Chaining Mode or the Linked Array Chaining Mode. It is 
also used to set the top address of the next block transfer in 
Continue mode. 


@ Function Code Registers (MFC, DFC, BFC) 

The DMAC has three function code register per channel: the 
Memory Function Code Register (MFC), Device Function Code 
Register (DFC), and the Base Function Code Register (BFC). The 
contents of these registers are outputted from FC, through FC, 
lines when an address is outputted from MAR. DAR, or BAR, 
respectively. The BFC is also used to set the MFC for the 
transfer of the next data block in the Continue mode. 


i 6 5 4 3 2 1 0 
9 |e | 0 | o | 0 | Foe] Fos | Feo | 
Bit 3 through 7 Not Used 


@ Transfer Count Registers (MTC, BTC) 

Each channel has two 16-bit counters: the Memory Transfer 
Counter (MTC) and the Base Transfer Counter (BTC). The MTC 
counts the number of transfer words in one block, and is de- 
creased by one for every operand transfer. 


The BTC is used to count the number of data blocks in the Array 
Chaining Mode. BTC is also used to set the number of operands 
to transfer for the next data block in the Continue Mode. 


The specifiable number is up to “2'®-1”, 


@ Interrupt Vector Registers (NIV, EIV) 


Each channel has a Normal Interrupt Vector register and an 
Error Interrupt Vector register. 


When an interrupt acknowledge cycle occurs, an interrupt vector 
is outputted from one of those registers. If the error bit (CSR) is 
set for the channel with interrupt pending, then content of EIV is 
outputted, otherwise content of NIV is outputted. 
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@ OPERATION DESCRIPTION 


A DMAC channel operation proceeds in three principal phases. 
During the initialization phase, the MPU sets the channel control 
registers, supplies the initial address and the number of transfer 
words, and starts the channel. During the tranfer phase, the 
DMAC accepts requests for data operand transfers, and provides 
addressing and bus controls for the trasnfers. The termination 
phase occurs after the operation is completed. 


This section describes DMAC operations. A description of the 
MPU/DMAC communication is given first. Next, the transfer 
phase is covered, including how the DMAC recognizes requests 
and how the DMAC arranges for data transfer. Following this, 
the initialization phase is described. The termination phase is 
covered, introducing chaining, error signaling, and bus excep- 
tions. A description of the channel priority scheme rounds out the 
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section. 


MREAD/WRITE OF THE DMAC REGISTERS BY MPU 
The MPU reads and writes the DMAC internal registers and 
controls the DMA transfer. 


Figure 12 indicates the timing diagram when the MPU reads the 
contents of the DMAC register. The MPU outputs A,-A23, FC)- 
FC,, AS, R/W, UDS, and LDS, and accesses the DMAC internal 
register. The specific internal register is selected by A,-A;, LDS 
and UDS. The CS and IACK lines are generated by the external 
circuit with As-A2,; and FC,)-FC,. The DMAC outputs data on the 
data bus, together with DDIR, DBEN and DTACK. The DDIR 
and DBEN control the bi-directional buffer on the bus and the 
DTACK indicates that the data has been sent or received by the 
DMAC. Read Cycle is eighteen CLKs. 

















27 28 29 30 3132 33 34 35 36 


ce CRE REIGE 


Sf ne a Nene 
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XDo~XDi5 
(External system data bus) 


DTAC 





Figure 12 MPU Read from DMAC-Word 
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Figure 13 MPU Write to DMAC-Word 


Figure 13 shows the MPU write cycle. Write cycle is fifteen 
CLKs. 


Note the following points. 


(1) The clock reference shown in this figure is the DMAC input 
clock. 

(2) The DDIR and the DBEN are three-stated at the beginning 
which detects CS and the ending of the cycle. 

(3) During the MPU read cycle, the DTACK is asserted after the 
data is valid on the system bus. - 

(4) During the MPU write cycle, the DDIR line will be driven 
low to direct the data buffers toward to DMAC before the 
buffers are enabled. 


min 2 clocks 


1 5~3 5 clocks 


2~3 5 clocks ae 
, = 


(5) During the MPU write cycle, the DMAC will latch the data 
before asserting DTACK. Then it will negate DBEN and 
DDIR in the proper order. 

(6) After the MPU cycle and the LDS and the UDS are negated 
by the MPU, the DMAC will put DBEN, DDIR and the 
address data lines to a high impedance state. 

(7) DTACK will once go “High” and then to a high impedance 
state after negating LDS and UDS. 


MBUS ARBITRATION 

The followings are the description of the bus arbitration. The 
DMAC must obtain the ownership of the bus in order to transfer 
data. Figure 14 indicates the DMAC bus arbitration timing. It is 
completely compatible with that of HD68000 MPU. The DMAC 
asserts the Bus Grant (BG) to request the bus mastership. The 








pees 


4 5~5 5 clocks 


. eed DMA Cycle 
max 12 5clocks+1MPU Cycle 


aa O clock~ 1MPU Cycle 
| CMPUCycle Ce ee ee 





Figure 14 DMAC Bus Arbitration Timing 
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MPU recognizes the request and asserts BG, then it grants the 
ownership in the next bus cycle. After the end of the current cycle 
(AS is negated), the MPU relinquishes the bus to the DMAC. The 
DMAC asserts the bus grant acknowledge (BGACK) to indicate 
that it has the bus ownership. A half clock before BGACK is 
asserted, the DMAC asserts OWN. OWN is kept asserted for a 
half clock after BGACK is negated at the end of the DMA cycle. 
BR is negated one clock after BGACK is asserted. 


MIDEVICE/DMAC COMMUNICATION 

Communication between peripheral devices and the DMAC is 
accomodated by five signal lines. Each channel has REQ, ACK 
and PCL, and the last two lines, the DONE and DTC lines, are 
shared among the four channels. 


@ Request (REQ) 
The peripheral devices assert REQ to request data transfers. See 
the “Requests” section for details. 


@ Acknowledge (ACK) 

This line is used to implicitly address the device which is 
transferring the data (This device is not selected by address 
lines). It is also asserted when the content of DAR is outputted 
during memory-to-memory transfer except for the auto-request 
mode at a limited rate or at the maximum rate. 


® Peripheral Control Line (PCL) 
The function of this line is quite flexible and is determined by the 
DCR (Device Control Register). 


The DTYP bits of the DCR define what type of device is on the 
channel. If the DT YP bits are programmed to be a HMCS6800 
device, the PCL difinition is ignord and the PCL line is an Enable 
clock (E clock) input. If the DT YP bits are programmed to be a 
device with READY, the PCL definition is ignored and the PCL 
line is a ready input. 


(1) PCL as a Status Input 

The PCL line may be programmed as a status input. The status 
level of this line can be determined by the PCS bit in the CSR, 
regardless of the PCL function determined by the DCR. If a 
negative transition occurs and remains stable for a minimum of 
two clocks, the PCT bit of the CSR is set. This PCT bit is cleared 
by resetting the DMAC or writing “1” to the PCT bit. 


(2) PCL as an Interrupt 

The PCL line may be programmed to generate an interrupt on a 
negative transition. This enables an interrupt which is requested 
if the PCT bit of the CSR is set. When using this function, it is 
necessary to reset the PCT bit in the CSR before the PCL bit in 
the DCR is set to interrupt, in order to avoid assertion of IRQ line 
at this time. 


(3) PCL as a 1/8 Starting Pulse 

The PCL line may be programmed to output a 1/8 starting pulse. 
This active low starting pulse is outputted when a channel is 
activated, and is “Low” for a period of four clock cycles. 


(4) PCL as an Abort Input 

The PCL line may be programmed to be a negative transition 
abort input which terminates an operation by setting the external 
abort error in CER. It is necessary to reset the PCT bit in the 
CSR before activating the channel (Setting the ACT bit of CCR) 
so that the channel operation is not immediately aborted. 


(5) PCL as an Enable Clock (E Clock) Input 

If the DT YP bits are programmed to be a HMCS6800 device, the 
PCL definition is ignored and the PCL line is an Enable Clock 
input. The Enable clock downtime must be as long as five clock 
cycles, and must be high for a minimum of three DMAC clock 
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cycles, but need not be synchronous with the DMAC’s clock. 


(6) PCL as a READY Input 

If the DT YP bits are programmed to be a device with READY, 
the PCL definition is ignored and the PCL line is a READY input. 
The READY is an active low input. 


@ DONE (DONE) 
This line is an active low Input/Output signal with an open drain. 
It is asserted when the memory transfer count is exhausted in a 
single block transfer. In the chaining operation, DONE is as- 
serted only at the last transfer to the peripheral device of the last 
data block. In the continue mode, DONE is asserted for each data 
block. It is asserted and negated in coincident with the ACK line 
for the last data transfer to the peripheral device. It is also 
outputted in coincident with the ACK line of the last bus cycle, in 
which the address is outputted from the DAR, in the memory-to- 
memory transfer (dual addressing mode) that uses the ACK line. 





The DMAC also monitors the state of the DONE line during the 
DMA bus cycle. If the device asserts DONE during ACK active, 
the DMAC will terminate the operation after the transfer of the 
current operand. If DONE is asserted on the first byte of 2-byte 
operation or the first word of long word operation, the DMAC 
does not terminate the operation before the whole operand 
transfer is completed. If DONE is asserted, then the DMAC 
terminates the operation by clearing the ACT bit of the CSR, and 
setting the COC and NDT bits of the CSR. If both the DMAC and 
the device assert DONE, the device termination is not recognized, 
but the channel operation does terminate. DONE is outputted 
again for the retry exceptions bus cycles. 








The case that the multi-block transfer with DONE mode is set is 
described later. 


@ Data Transfer Complete (DTC) 

DTC is an active low signal which is asserted when the actual 
data transfer is accomplished. It is also asserted in the bus cycle 
which read a chain information from memory in the Chaining 
mode. However, if exceptions are generated and the DMA bus 
cycle terminates, DTC is not asserted. DTC is asserted one half 
clock before LDS and UDS are negated, and negated one half 
clock after LDS and UDS are negated. 


MREQUESTS 

Requests may be externally generated by circuitry in the 
peripheral device, or internally generated by the auto-request 
mechanism. The REQG bits of the OCR determine these modes. 
The DMAC also supports an operation in which the DMAC auto- 
requests the first transfer and then waits for the peripheral 
device to request the following transfers. 


@ Auto-request Transfers 

The auto-request mechanism provides generation of requests 
within the DMAC. These requests can be generated at either of 
two rates: maximum-rate and limited-rate. In the former case, 
the channel always has a request pending. 


The limited rate auto-request functions by monitoring the bus 
utilization. 
(1) Limited-rate Auto-request 

‘TIME > 


Current Next 
Sample Interval Sample Interval 


Previous 
Sample Interval 


LRAR 
Interval 
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In the limited-rate auto-request, the DMAC devides time into 
equal length sample intervals by counting clock cycles. The end 
of one sample interval makes the beginning of the next. During a 
sample interval, the DMAC monitors, by means of BGACK pin, 
the system bus activity of the DMAC and other bus master 
devices. At the end of the sample interval, decision is made 
whether or not to perform the channel’s data transfer during the 
next sample interval. Namely, based on the activity of the DMAC 
or other bus master devices during the current sample interval, 
the DMAC allows limited-rate auto-requests for some initial 
portion of the next sample interval. 


The length of the sample interval, and the lenght of the limited- 
rate auto-request generation period (the limited-rate auto-request 
interval) are controlled by the BT and BR bits in the GCR. The 
length in clock cycles of the limited-rate auto-request interval is 
2°8T+4) (2 raised to the BT +4 power). For example, if BT equals 
2 and the DMA utilization of the bus was low during the previous 
sample interval, then the DMAC generates the auto-request 
transfers during the first 64 clock cycles. 


The ratio of the length of the sample interval to the length of the 
limited-rate auto-request interval is controlled by the BR bits. 
The ratio of the system bus utilization of the MPU to other bus 
master devices including the DMAC is 2°**” (2 raised to the BR 
+1 power). If the fraction of DMA clock cycles during the 
sample interval exceeds the programmed utilization level, the 
DMAC will not allow limited-rate auto-requests during the next 
sample interval. 


For example, if BR equals 3, then at most one out of 16 clock 
cycles during a sample interval can be used by the DMAC and 
other bus master devices, and still the DMAC would allow 


CLK 


FCo~FC2 
Ai~Az 


Address Out’ Data In 


As/Do~ 


Address Out 


limited rate auto-request during the next sample _ interval. 
Therefore, from the viewpoint of long period, the ratio of the 
system bus utilization of the MPU to I/O devices including the 
DMAC is about 16: 1. The sample interval length is not a direct 
parameter, but it is equal to 2'8™ +5 clock cycles. Thus, the 
sample interval can be programmed between 32 and 2048 clock 
cycles. 


The DMAC uses the BGACK to differentiate between the MPU 
bus cycle and DMAC or other bus master devices. If BGACK is 
active, then the DMAC assumes that the bus is used by a DMAC 
or other bus master devices. If it is inactive, then the DMAC 
assumes that it is used by the MPU. 


(2) Maximum-rate Auto-request 

If the REQG bits in the OCR indicate auto-request at the 
maximum rate, the DMAC acquires the bus after the start bit is 
set and keeps it until the data transfer is completed. 


If a request is made by another channel of higher priority, the 
DMAC services that channel and then resumes the auto-request 
sequence. If two or more channels are set to equal priority level 
and maximum rate auto-request, then the channels will rotate in 
a “round robbin” fashion. 


If the HMCS68000 compatible device is connected to a channel, 
the ACK line is held inactive during an auto-request operation. 
Consequently, any channel may be used for the memory-to- 
memory transfer with the auto-request function in addition to the 
operation of data transfer between memory and peripheral 
device with using the REQ pin. Refer to Figure 15 for the timing 
of the memory-to-memory transfer. In this mode, the ACK, 
HIBYTE and DONE outputs are always inactive. 











Address Out 


Data Out Data In 


23 45 6 7 8 910 111213141516 17181920 21 2223 24 25 26 27 28 29 


Read One Word 
From Memory 


Write One Word 
to Memory 


Read One Word 
From Memory 





Figure 15 Memory-to-Memory Transfer Read-Write-Read Cycles 
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Relinquish Relinquish the bus 


MPU cycle=-— Idle ——=>+=-——- DMC cycle ———=}— MPU cycle—=t-DMA cycle =}-—— Idle 


or Idle 


Figure 16 Burst Mode Request Timing (Only one channel is active) 


@ External Requests 

If the REQG bits of the OCR indicate that the REQ line generates 
requests, the transfer requests are generated externally. The 
request line associated with each channel allows the device to 
externally generate requests for DMA transfers. When the device 
wants an operand transferred, it makes a request by asserting the 
request line. The external request mode is determined by the 
XRM bits of the DCR, which allows both burst and cycle steal 
request modes. The burst request mode allows a channel to 
request the transfer of multiple operands using consecutive bus 
cycles. The cycle steal request mode allows a channel to request 
the transfer of a single operand. The followings are the 
description of the burst and the cycle steal modes. 


(1) Burst Request Recognition 

In the burst request mode, the REQ line is an active low input. 
The level sampled at the rising edge of the clock. Once the burst 
request is asserted, it needs to be held low until the first DMA bus 
cycle starts in order to insure at least one data transfer 
operation. In order to stop the burst mode transfer after the 
current bus cycle, the REQ line has to be negated one clock 
before the DTC output clock of this cycle. Refer to Figure 16 or 
the burst mode timing. 





(2) Cycle Steal Request Recognition 
In the cycle steal request mode, the peripheral device requests the 


DMA transfer by generating an falling edge at the REQ line. The 
REQ line needs to be held “low” for at least 2 clock cycles. In the 
cycle steal mode, if the REQ line changes from “High” to “Low” 
between ACK output and one clock before the clock that outputs 
DTC, then the next DMA transfer is performed without 
relinquishing the bus. If the bus is not relinquished, then 
maximum of 5 idle clocks is inserted between bus cycles. 





Refer to Figure 17 for the request timing of the cycle steal mode. 
If the XRM bits specify cycle steal without hold, the DMAC will 
relinquish the bus. If the XRM bits specify cycle steal with hold, 
the DMAC will hold the bus and wait for the next REQ input for 
at least 1 sample interval after the current bus cycle completion. 
The allowable hold time is up to 2 sample intervals. 


Figure 18 shows the request timing in the cycle steal bus hold. If 
the REQ is inputted during the hold time, the ACK is outputted 
after a maximum of 7.5 clock cycles from the picked-up clock.On 
the cycle steal with hold mode, the DMAC will hold the bus even 
when the transfer count is exhausted and the last data has been 
transferred. If DMA transfer is requested from other channel 
during this period, they are executed normally. 





(3) Request Recognition in Dual-address Transfers 
In a following section, dual-address transfers are defined. Dual 
address transfer is an exception to the request recognition rules 


MPU cycle—~f=— Idle —=--——— DMA cycle ++ MPU cycle ~+*—— DMA cycle 


or Idle 





‘Figure 17 Cycle Steal Mode Request Timing 
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Figure 18 Cycle Steal Bus Hold Mode Request Timing 


in the previous paragraphs. In the cycle steal request mode, when 
there are two or more transfers between the DMAC and the 
peripheral device during one operand transfer, the request is not 
recognized until the last transfer between the DMAC and the 1/ 
O device starts. 


@ Mixed Request Generation 

A single channel can mix two request generation methods. By 
programming the REQG bits of the OCR to “11”, when the 
channel is started, the DMAC auto-requests the first transfer. 
Subsequent requests are then generated externally by the device. 
The ACK and PCL lines perform their normal functions in this 
operation. 


HEDATA TRANSFERS 

All DMAC data transfers are assumed to be between memory and 
the peripheral device. The word “memory” means a 16-bit 
HD68000 bus compatible device. By programming the DCR, the 
characteristics of the peripheral device may be assigned. Each 
channel can communicate using any of the following protocols. 


DTYP Device Type 
00 HD68000 compatible device 
01 HD6800 compatible device 
10 + Device with ACK ; ° 
I) Device with R@R and READY } Single Addressing 


\ Dual Addressing 





@ Dual Addressing 
HD68000 and HD6800 compatible devices may be explicity ad- 
dressed. This means that before the peripheral transfers data, 





a data register within the device must be addressed. Because the 
address bus is used to address the peripheral, the data cannot be 
directly transferred to/from the memory because the memory 
also requires addressing. Instead, the data is transferred from the 
source to the DMAC and held in an internal DMAC holding 
register. A second bus transfer between the DMAC and the 
destination is then required to complete the operation. Because 
both the source and destination of the transfer are explicitey 
addressed, this protocol is called dual addressing. 


(1) HD68000 Compatible Device Transfers 

In this operation, when a request is received, the bus is obtained 
and the transfer is completed using the protocol as shown in 
Figures 19 and 20. Figures 21 through 24 show the transfer 
timings. Figures 21 and 24 show the operation when the memory 
is the source and the peripheral device is the destination. Figures 
22 and 23 show the transfer in the opposite direction. The 
peripheral device is a 16-bit device in Figures 21 and 22, and a 8- 
bit device in Figures 23 and 24. 


(2) HD6800 Compatible Device Transfers 

When a channel is programmed to perform HD6800 compatible 
transfers, the PCL line for that channel is defined as an Enable 
clock input. The DMAC performs data transfers between itself 
and the peripheral device using the HD6800 bus protocol, with the 
ACK output providing the VMA (valid memory address) signal. 
Figure 25 illustrates this protocol. Refer to Figure 26 for the read 
cycle timing and Figure 27 for the write cycle timing. In Figure 
26, the DMAC latches the data at the falling edge of clock 19, soa 
latch to hold the data is necessary as shown in the figure. 
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DMAC HD68000 Device 
Address Device 


Set R/W to Read 

Place Address on Ai~A23 

Place Function Codes on FCo~FC2 
Assert Address Strobe (AS) __ 
Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 


Assert Acknowledge (ACK) 


Present Data 
1) Decode address 
2) Place Data on Do~Dis 
3) Assert Data Transfer 
Acknowledge (DTACK) 


Acquire Data 
Load Data into Holding Reg- 
ister 
Assert Device Transfer Com- 
plete (DTC) 
Negate UDS and 


D 
Negate AS, ACK and DTC 


ee 


Terminate Cycle 
1) Remove Data from Do~Dis 
2) Negate DTACK 


Start Next Cycle 





Figure 19 Word Read Cycle Flowchart HD68000 Type Device 


DMAC HD68000 Device 
Address Device 


Place Address on Ai1~A23 

Place Function Codes on FCo~FC2 
Assert Address Strobe (AS) 

Set R/W to write 

Place Data on Do~Dis5 

Assert Acknowledge (ACK) 

Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 


be 


Accept Data 
1) Decode Address 


2) Store Data on Do~Dis5 
3) Assert Data Transfer 
Acknowledge (DTACK) 


Terminate Output Transfer 
Assert Device Transfer Com- 
plete (DTC) 

Negate UDS and LDS 

Negate AS, ACK and DTC 
Remove Data from Do~Dis 
Set R/W to Read 


a ee ee ae 


Terminate Cylce 
1) Negate DTACK 


Start Next Cycle 





Figure 20 Word Write Cycle Flowchart HD68000 Type Device 
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FCo~FC2 


ee || ES ||| a. ||| Ae 
Address Out Data In Address Out Data Out 
As/Do 
~A23/Dis 
XDo~XDis 
(External System Data Bus) 
UAS 


12 34 5 6 7 8 9 1011121314 15 16 17 1819 20 21 22 23 


Read One Word Write One Word 
From Memory To Device t 


The Last Transfer 





Figure 21 Dual Addressing Mode, Read/Write Cycle, 
Destination=16-bit Device, Word Operand 


12 34 5 6 7 8 9 10 111213 1415 16 1718 19 20 21 22 


ae || AS || STAN // Bes 


Address Out Data In Address Out Data Out 


12 34 5 6 7 8 9 10 1112131415 1617 18 19 20 21 22 


Read One Word Write One Word ———=o— 
———=+-—— From Device aS 
To Memory 
The Last Transfer 





Figure 22 Dual Addressing Mode, Read/Write Cycle, 
Source= 16-bit Device, Word Operand 
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12 34 5 6 7 8 9 101112 13 14 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 


SN ee 
|| AAS ||| AAS ||| LARA || | ene 


Address Out Data In Address Out Data Jn Address Out Data Out 


As/Do ~A23/D15 
XDo~XDi5 
(External System Data Bus) 


12 3 4 5 6 7 8 9 10 1112131415 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 
——~}>——- Read One Byte —_—_++--—— Read One Byte —-}+—+—_——— Write One Word ———-+=—___—_ 


From Device From Device To Memory 





Figure 23 Dual Addressing Mode, Read/Write Cycle, 
Source=8-bit Device, Word Operand 


CLK 


123 4 5 6 7 8 9 10 111213 1415161718 19 20 21 22 23 24 25 26 27 28 29 30 31 
FCo~FC2 


Address Out Data In Address Out Data Out Address Out Data Out 
As/Do ~ Az23/Dis 
XDo~XDi5 
(External System Data Bus) 
U 


123 4 56 7 8 9 10 1112 13 1415 1617 1819 20 2122 23 24 25 2627 28 29 30 31 


—-t+-——-Read One Word ++ Write One Byte ————-++-———— Write One Byte 


From Memory To Device To Device 





Figure 24 Dual Addressing Mode, Read/Write Cycle, 
Destination=8-bit Device, Word Operand 
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DMAC (MASTER) HD6800 Device 


Initiate Cycle 
Start a normal Read or Write 


Cycle 
Monitor Enable until it is low 
Assert Acknowledge (ACK) 


Transfer Data 
1) Wait until Enable ts active 
2) Transfer the Data 


Terminate Cycle 
The master waits until Enable 


goes low. (On a Read cycle the 
data is latched as clock goes 
low when DTC is asserted.) 
Assert Device Transfer Com- 
plete (DTC) 

Negate AS, UDS, LDS, ACK 
and DTC 


Start Next Cycle 





Figure 25 WD6800 Cycle Flowchart 


123 45 67 8 9 1011 12 13 1415 16 17 18 19 20 21 22 


Ai~A?z 
Address Out Data In Address Output 
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o~XDi5 _-———— JZ b+ 
(External System Data Bus) 
UAS 
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———wt= Sync on E Clock =f Read One Byte From 6800 Device t=" 





Figure 26 Dual Addressing Mode, HD6800 Compatible Device, 
Read Cycle 
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123 45 67 8 9 1011 12131415 16 171819 20 21 22 23 24 25 26 27 28 


FCo~FC2 
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Address Out 
As/Do ~ A23/Di5 
XDo~ XDis 


(External System Data Bus) 
UAS 


Data Out 
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Figure 27 Dual Addressing Mode, HD6800 Compatible Device, 


Write Cycle 


(3) An Example of a Dual Address Transfer 
This scetion contains an example of a dual address transfer using 
Table 2 of Dual-Address Sequencing. The transfer mode of this 
example is the following. 

1. Device Port size=8 bits 

2. Operand size=Long Word (32 bits) 

3. Memory to Device Transfer 

4. Source (Memory) Counts up, Destination (Device) Counts 

Down 


In this mode, a data transfer from the source (memory) is done 
according to the 6th row of Table 2, since the port size of the 
memory is always 16 bits. A data transfer to the destination 


(device) is done according to the 3rd row of Table 2. Table 3 
shows the data transfer sequence. 


The port size in Table 2 is not related to the DPS bit of the DCR. 
The DPS defines the port size of the device only. The DPS is set 
to “0” in this example as the device port size is 8 bits. 


The memory map of this example is shown in Table 4. The 
operand consists of BYTE A through BYTE D in memory of 
Table 4. Prior to the transfer, MAR and DAR are set to 00000012 
and 00000108 respectively. The operand is transferred to the 8-bit 
port device according to the order of transfer number in Table 3. 


Table 2 Dual-Address Sequencing 


oe Increment 
Row No. Operand Size ree Operand Part Addresses 


1 
2 
@ 
Te 
5 ees 


*Numbers tn Table 2 seeenene. to ones in Tables 3 and 4 
* *Refer to Address Sequencing on Operand Part Size and PACK 


2 a Ae A SSS SN 
aa ae al oe a a z 


PACK an _ 


ne a eee eae 2 


+4 
*9 
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Table 3. An Example of a Data Transfer for One Operand 
SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.) 


Address 
Output 


Transfer 
No. Data Transfer 


Data Size DMAC Registers after Transfer 


Comment 


00000012 WORD 00000014 00000108 Higher order 16 bits of operand is 
1 SRC—HR 7 f 
1 fetched. 
2 HR —-DST 00000108 BYTE 00000014 0000010A 
3 Higher order 16 bits of operand is 


BYTE 00000014 0000010C transferred. 
‘ *10 


0000010C BYTE 00000016 O0000010E 
5 HR DST ; 
7 Lower order 16 bits of operand is 


2 
4 
4 
4 Lower order 16 bits of operand is fetched. 
: 4 
*4 


transferred. 
6 HR —-DST aa aot BYTE 00000016 000001 1 - ran 
: MAR, DAR are pointing the next operand 
° Se 00000016 00000110 addresses when the transfer is complete. 


Mode Port size=8, operand size=Long Word, Memory to Device, Source (Memory) Counts Up, Destination (Device) Counts Down 


Table 4 Memory Map for the Example of the Data Transfer 







ADDRESS ADDRESS 


00000010 00000011 


BYTE B 


BYTE A 
*1 


a 
BYTE C BYTE D 
*6 *6 


Source (Memory) 






00000012 00000013 


00000014 00000015 


00000016 00000017 


@ Single Addressing Mode 

Implicitly addressed devices are peripheral devices selected not 
by address but by ACK. They do not require addressing of data 
register during data transfer. Transfers between memory and 
these devices are controlled by the request/acknowledge pro- 
tocol. Such peripherals require only one bus cycle to transfer 
data, and the DMAC internal holding register is not used. 
Because only the memory is addressed during a data transfer and 
a transfer is done in only one bus cycle, this protocol is called 
single-addressing. 





(1) Device with ACK Transfers 

Under this protocol, the communication between peripheral 
device and the DMAC is performed with a two signal REQ/ACK 
handshake. When a request is generated using the request 
method programmed in the DMAC’s internal control registers, 
the DMAC obtains the bus and responds with ACK. The DMAC 
asserts all the bus control signals required for the memory 
access. Refer to Figure 28 for the flowchart of the data transfer 
from memory to the device with ACK. Figure 29 shows the 
flowchart of the data transfer from the device with ACK to 
memory. Receiving the transfer request, the DMAC obtains the 
bus. Then the DMAC outputs the memory address and asserts 














ADDRESS 

00000106 00000107 
00000108 00000109 
0000010A | 0000010B 
0000010C 0000010D 
0000010E 0000010F 
00000110 00000111 





Destination (Device) 


ACK to inform the I/O device that the transfer request has been 
acknowledged. When the DMAC accepts DT ACK from memory, 
it asserts DTC and informs the peripheral device of the transfer 
termination. 





Figures 30 and 31 show the transfer timings of the device with 
ACK : the port size for the former figure is 8-bit and the latter is 
16-bit respectively. 





When the transfer is from memory to a device, data is valid when 
DTACK is asserted and remains valid until the data strobes are 
negated. The assertion of DTC from the DMAC may be used to 
latch the data as data strobes are not negated half clock period 
after the assertion of DTC. 








When the transfer is from device to memory, data must be valid on 
the HD68000 bus before the DMAC asserts the data 
strobes. The data strobes are asserted one clock period after 
ACK is asserted. When the DMAC obtains the bus and starts a 
DMA cycle, the three-state of the OWN line is cancelled a half 
clock earlier than other control lines. If the DMA Cycle ter- 
minates and the DMAC relinquishes the bus, all the control 
signals get three-stated a half clock before OWN. The DDIR and 
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mode, As/D,.~A.3/D,; are outputted for only one and a half clock 
from the beginning of the DMA bus cycle. Therefore, A,/D, 


through A,;/D,; need to be latched externally just like in the dual 
addressing mode. 


memory to device. Five-clock cycle is the smallest bus cycle for 
the transfer from device to memory. If the device port size is 
8bits, either LDS or UDS is asserted. In the single addressing 





DMAC Memory ACK Device 


Address Memory 
1) Set R/W to Read 
2) Place Address on Ai~Az23 
3) Place Function Codes on FCo~FC2 
4) Assert Address Strobe (AS) 


5) Assert Upper Data Strobe (UDS) and 


Lower Data Strobe (LD 


S) 
6) Assert Acknowledge (ACK) 


Present Data 
1) Decode Address 
2) Place Data on Do~Dis5 
3) Assert Data Transfer Acknowledge 


(DTACK) | 


Acquire Data 
1) Load Data 





Terminate Transfer 
1) Assert Device Transfer Complete (DTC) 
2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 





Terminate Cycle 
1) Negate DTACK 





Start Next Cycle 


Figure 28 Word from Memory to Device with ACK 
ACK Device 


DMAC Memory 
Address Memory 
Place Address on Ai~A23 
Place Function Codes on FCo~FC2 
Assert Address Strobe (AS) 
Set R/W to Write 
Assert Acknowledge (ACK) 


Presest Data 
1) Place Data on Do~Dis 


Enable Data 
Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 


Accept Data 
1) Decode address 
2) Load Data 
3) Assert Data Transfer Acknowledge 
(DTACK) 


Terminate Transfer 
Assert Device Transfer Complete 
(DTC) 
Negate UDS L 


and LD 
Negate AS, ACK and DTC 


Terminate Cycle 
1) Negate DTACK 





Start Next Cycle 





Figure 29 Word from Device with ACK to Memory 


: © HITACHI 
Hitachi America Ltd * 2210 O’Toole Avenue ° San Jose, CA 95131 © (408) 435-8300 337 





HD63450 


23 45 67 8 9 10111213 141516 1718 19 20 21 22 23 24 25 


FCo~FC2 
Ai~Az 
As/Do~Az23/Di5 
XDo~XDi5 


12 3 4 5 6 7 8 9 101112131415 16 17 1819 20 21 22 23 24 25 
—— Idle ——~}+-—— Memory to Device——}--— Device to Memory ——_>f>—— Idle 


Channel O Channel 1 





Figure 30 Single Addressing Mode with 8-Bit Devices as 
Source and Destination (Read-Write Cycles) 
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Figure 31 Single Addressing Mode with 16-bit Devices as 
Source and Destination (Read-Write Cycles) 
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(2) Device with ACK and READY Transfers 

Under this protocol, the communication between peripheral 
device and the DMAC is performed using a three signal REQ/ 
ACK/READY handshake. The READY input to the DMAC is 
provided by the PCL line. The READY line is active low. When 
a request is generated using the request method programmed in 
the control registers, the DMAC obtains the bus and asserts ACK 
to notify the device that the transfer is to take place The DMAC 
waits for READY (PCL input), which is a response from the 
device, in addition to DT ACK which is a response from memory. 











When the DMAC accepts both signals, it terminates the transfer. 
Refer to Figures 34 and 35 for the flowcharts of the data transfer 
between memory and the device with ACK and READY. Refer to 
Figure 36 for the transfer timing of the 8-bit device. When the 
data transfer is from memory to a device, data is valid from the 
assertion of DTACK to the negation of LDS and UDS. DTC is 
asserted a half clock before LDS and UDS are negated, so this 
line may be used for latching the data by the peripheral device. 
In this case, READY (PCL input) indicates that the device has 
received the data. Both DIACK and READY (PCL input) signals 
are needed for terminating the DMA cycle. 











When the data transfer is from the device to memory, data must 
be valid on the bus before the DMAC asserts LDS and UDS. 
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Therefore, READY (PCL input) is used as the signal to indicate 
that the peripheral device has outputted the data on the bus. 
When the DMAC detects PCL (READY input), then it asserts 
LDS and UDS. After asserting LDS and UDS, the DMAC 
terminates the cycle when DTACK signal from the memory is 
detected. 





As mentioned above, the I/O device and the DMAC communicate 
each other through three handshake signals in Figure 32. 





Figure 32 Device with ACK and READY, 
and DMAC transfer protocol 


Figure 33 shows the timing of transfers between the memory and 
the device with ACK and READY. The detail is as Follows. 





123456 WWWW7 8(1234WWWW 5 6 78 WW 910 


Read cycle, channel O 


Write cycle, channel 1 


* Channel 0 and 1 are connected to the device with ACK and READY whose port size is 8 bits 





Figure 33 Device with ACK and READY Mode Timing 
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(i) Data transfer from the memory to the 1/0 device 
(read cycle) 


The DMAC samples both DTACK and READY signals at the 
rising edge of CLK 5 (Figure 33 ©). 


Until both signals are asserted, the DMAC repeats wait cycles 
and samples those signals at each rising edge of the clock: the 
DMAC does not proceed to CLK 7 and 8 (Figure 33 @). 


When both DTACK and READY signals are asserted (Figure 33 
@), the DMAC proceeds to CLK 7 and 8, asserts DTC at the 
rising edge of CLK 7 (Figure 33 ®), and terminates the bus cycle. 
The bus cycle is 4-clock long when there is no wait cycles. 


DMAC 

__Address Memory 
Set R/W to Read 
Place Address on A1~A23 
Place Function Codes on FCo~FC2 
Assert Address Strobe (AS) 
Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 
Assert Acknowledge (ACK) 


(DTACK) 


Terminate Transfer 
1) Assert Device Transfer Complete (DTC) 


2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 





(ii) Data transfer from the I/O device to the memory 
(write cycle) 


The DMAC samples READY signal at the rising edge of CLK 3 
(Figure 33@). Until READY signal is asserted, the DMAC 
repeats wait cycles and samples the signal at each rising edge of 
the oe : the DMAC does not proceed to CLK 5 and 6 (Figure 
33 @). 


When READY signal is asserted (Figure 33@), the DMAC 
proceeds to CLK 5~8, and asserts DS at the falling edge of CLK 
5 (Figure 33 ©). 


Table 5 indicates the combinations of port size and operand size 
of the peripheral devices supported by the DMAC in the single 
and dual addressing modes. In the single addressing mode, port 
size and operand size must be the same. In the dual addressing 
mode, byte operand cannot be used when the port size is sixteen 
and the REQG bit is 10 or 11. 


ACK and READY Device 


Present Data 
1) Decode Address 
2) Place Data on Do~D15 
3) Assert Data Transfer Acknowledge 


Acquire Data 
1) Load Data 
2) Assert READY 


Terminate Cycle 


1) Negate DTACK 


Start Next Cycle 





Figure 34 Word from Memory to Device with ACK and READY 
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DMAC ACK and READY Device 
Address Memory 
Place Address on A1~A23 
Place Function Codes on FCo~FCz2 
Assert Address Strobe (AS) 
Set R/W to Write 
Assert Acknowledge (ACK) 


SE SSS SS SSS SSS SSS eS 


Present Data 
1) Place Data on Do~Dis 
2) Assest READY 


Enable Data 
Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 


Accept Data 
1) Decode address 


2) Load Data 
3) Assert Data Transfer Acknowledge 
(DTACK) 


Terminate Transfer 
Assert Device Transfer Complete (DTC) 
Negate UDS and LDS 
Negate AS, ACK and DTC 


Terminate Cycle 
1) Negate DTACK 


Start Next Cycle 


Figure 35 Word from Device with ACK and READY to Memory 





CLK 
12 34 5 6 7 8 9 101112131415 16 171819 20 21 22 23 24 25 26 27 28 

FCo~FC2 

Ai~A7 


As/Do ~A23/Dis 

XDo~ XDis 

(External System Data Bus) 
UAS 


123 45 6 7 8 9 10 11121314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
SSS 


——_++-—- Memory to Device ————-==——— Device to Memory 
Channel 0 Channel 1 





Figure 36 Single Addressing Mode with 8-bit Device as Source and 
Destination with PCL Used as a READY input (Read-Write Cycles) 
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Table 5 Operation Combinations 





Operand 
Schou REQG bits of OCR 


Dual 68000, 6800 00, 01, 10, 11 

Dual 68000, 6800 . . 00, 01 

Dual 68000, 6800 16 x 10, 11 

Sing! with ACK or O 00, 01, 10, 11 
gie ACK & READY x 00, 01, 10, 11 


O : supported 


REQG 


X : not supported 


00: Auto request at a limited rate 
01: Auto request at a maximum rate 
10: REQ line requests the operand transfer 


11: First operand is auto requested, and subsequent operands 


are externally requested. 


@ Address Sequencing 

The sequence of addresses generated depends upon the port size, 
whether the addresses are to count up, down or not change and 
whether the transfer is executed in the single addressing mode or 
the dual addressing mode. The memory address count method 
and the peripheral device address count method is programmed 


using 


the Memory address count (MAC) bit and the Device 


address count (DAC) bit in the Sequence Control Register (SCR). 


(i) 


(ii) 


P =1 if packing Is not done 
=2 if packing is done 


342 


Single addressing mode 

In the single addressing mode, memory address sequencing 
is shown in Table 6. If the operand size is byte, the memory 
address increment is one (1). If the operand size is word, 
the memory address increment is two (2). If the memory 
address register does not count, the memory address is 
unchanged after the transfer. 


Dual addressing mode 

In the dual addressing mode, the operand size need not 
match the port size. Thus the transfer of an operand may 
require several DMA bus cycles. Each DMA bus cycle, 
between memory and DMAC and between DMAC and the 
device, is called the operand part and transfers a portion 
or all of the operand. The addresses of the operand parts 
are in a linear increasing sequence. The step between the 
addresses of the operand is two. The size of the operand 


part is the minimum of the port size and the operand size. 
The number of the operand part is the operand size divided 
by the port size. 


In the dual addressing mode, memory is regarded as a 
device whose port size is 16 bits and the operand size is a 
byte or a word. When the operand is transferred to the 
memory from the I/O device whose port size is 8 bits and 
the operand size is byte, the DMAC reads 2-byte operand 
one byte at a time from the I/O device and writes 2 bytes 
at the same time to the memory, or reads one byte from 
the I/O device and writes one byte to the memory. Thus, 
when the port size is 8 bits and the operand size is byte, 
two-operand transfer which is performed at the same time 
is called PACK. Utilizing the PACK, the DMAC may 
improve the DMA bus efficiency. However, packing is not 
performed if the address does not count. When the port 
size is 8 bits and the operand size is byte (port size : 8 bits, 
without PACK) with the DMAC in the dual addressing 
mode, the DMAC repeats the following cycles: 

@ READ BYTE (reads data from the I/O device or the 

memory) 
@ WRITE BYTE (writes data to the I/O device or the 
memory) 
Table 7 shows the dual addressing sequencing 


Table 6 Single Address Sequencing 


ee ee Address Increment 


Port Size Operand Size 
+ | t(increment) = (unchanged) — (decrement) 
8 Byte +1 =] 
16 Word +2 =Z 


Table 7 Dual Address Sequencing 


Port Size Operand Size 


16 
16 
16 





Pack =byte if packing is not done 
=word tf packing is done 


Operand Part 
Address 


A 
A, A+2 
A, A+2, A+4, A+6 


A 
A 
A, A+2 





Address Increment 


ees See ee ee 
+2 0 -2 
+4 0 —4 
+8 0 —8 
+P 0 —P 
+2 0 —2 
+4 0 —4 
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MINITIATION AND CONTROL OF CHANNEL OPERATION 


@ Operation Initiation 

To initiate the operation of a channel, the STR bit of the CCR is 
set to start the operation. Setting the STR bit causes the 
immediate activation of the channel, the channel will be ready to 
accept requests immediately. The channel initiates the operation 
by resetting the STR bit and setting the channel active bit in the 
CSR. Any pending requests are cleared, and the channel is then 
ready to receive requests for the new operation. If the channel is 
configured for an illegal operation, the configuration error is 
signaled, and no channel operation is run. The illegal operations 
include the selection of any of the options marked “(undefined, 
reserved)”. If the MTC is set to zero in any mode other than the 
chaining mode, or BTC is set to zero in the array chaining mode, 
then the count error is signaled and the channel is not activated. 
The channel cannot be started if any of the ACT, COC, BTC, 
NDT or ERR bit is set in the CSR. In this case, the channel 
signals the operation timing error. 


@ Operation Continuation (Continue Mode) 

When the STR bit or the ACT bit in the CSR is set, setting the 
CNT (Continue) bit in the CCR allows multiple blocks to be 
transferred as in the chaining modes. The CNT bit is set in order 
to continue the current channel operation. To set the CNT bit, 
the initial address of the next block to be transferred, the 
corresponding function code, and the number of words to be 
transferred must be previously set to the BAR, BFC and BTC. If 
the CNT bit is set when either the STR or the ACT bit is not set, 
the operation timing error is signaled. The configuration error is 
signaled when the CNT bit is set in the chaining modes. 


@ Operation Halting (Halt) 

The CCR has a halt bit which allows suspension of the operation 
of the channel. If this bit is set, a request may still be generated 
and recognized, but the DMAC does not attempt to acquire the 
bus or to make transfers for the halted channel. When this bit is 
reset, the channel resumes operation and services any request 
that may have been received while the channel was halted. 
However, in the burst request mode, the transfer request should 
be kept asserted until the initiation of the first transfer after 
clearing the halt bit. 


@ Operation Abort by Software (Software Abort) 

Setting the software abort bit (SAB) in the CCR allows the 
current operation of the channel to be aborted. In this case, the 
ERR bit and the COC bit in the CSR are set and the ACT bit is 
reset. The error code for the software abort is set in the CER. 
The SAB bit is designed to be reset if the ERR bit is reset. When 
the CCR is read, the SAB always reads as zero(0). 


MICHANNEL OPERATION TERMINATION 

As part of the transfer of an operand, the DMAC decrements the 
memory transfer counter(MTC). If the chaining mode is not used 
and the CNT bit is not set or the last block is transferred in the 
chaining mode, the operation of the channel is complete when the 
last operand transfer is completed and the MTC is zero. The 
DMAC notifies the peripheral device of the channel completion 
via the DONE output. 





However, in the continue mode, DONE is outputted at the 
termination of every data block transfer. When the channel 
operation has been completed, the ACT bit of the CSR is cleared, 
and the COC bit of the CSR is set. 


The occurrence of errors, such as the bus error, during the DMA 
bus cycle also terminates the channel operation. In this case, the 
ACT bit in the CSR is cleared, the ERR and the COC bits are set, 
and at the same time the code corresponding to the error that 
occurred is set in the CER. 


e@ Channel Status Register (CSR) 

The channel status register contains the status of the channel at 
the channel operation termination. The register is cleared by 
writing a one (1) into each bit of the register to be cleared. 


coc 

The channel operation complete (COC) bit is set if the channel 
operation has completed. The COC bit must be cleared in order 
to start another channel operation. The COC bit is cleared only 
by writing a one to this bit or resetting the DMAC. 


PCS 

The peripheral status (PCS) bit reflects the level of the PCL line 
regardless of its programmed function. If PCL is at “High” level, 
the PCS bit reads as one. If PCL is at “Low” level, the PCS bit 
reads as zero. The PCS bit is unaffected by writing to the CSR. 








PCT 

The peripheral control transition (PCT) bit is set, if a falling edge 
transition has occurred on the PCL line. (The PCL line must 
remain at “low” level for at least two clock cycles.) The PCT bit 
is cleared by writing a one to this bit or resetting the DMAC. 





BTC 

Block transfer complete (BTC) bit is set when the continue 
(CNT) bit of CCR is set and the memory transfer counter (MTC) 
is exhausted. The BTC bit must be cleared before the another 
continuation is attempted (namely, setting the CNT bit again), 
otherwise an operation timing error occurs. The BTC bit is 
cleared by writing a one to this bit or resetting the DMAC. 


NDT 

Normal device termination (NDT) bit is set when the peripheral 
device terminates the channel operation by asserting the DONE 
line while the peripheral device was being acknowledged. The 
NDT bit is cleared by writing a one to this bit or resetting the 
DMAC. 





ERR 

Error (ERR) bit is set if any errors have been signaled, When the 
ERR bit is set, the code corresponding to the kind of the error 
that occured is set in the CER. The ERR bit is clered by writing 
a one to this bit or resetting the DMAC. 


ACT 

The active (ACT) bit is asserted after the STR bit has been set 
and the channel operation has started. This bit remains set until 
the channel operation is terminated. The ACT bit is unaffected 
by write operations. This bit is cleared by the termination of the 
channel or resetting the DMAC. 


DIT 

Done input transition (DIT) bit is set if the DONE input is 
generated while the multiple block transfer mode with DONE is 
being set. The DIT bit is cleared by writing a one to this bit or 
resetting the DMAC. 
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@ Interrupts 
The DMAC can signal the termination of the channel operation 
by generating an interrupt request. The interrupt request is 
generated by the following condition. 
@ INT=1 
and 
@ COC=1 or BTC=1 or ERR=1 or NDT=1 or PCT=1 
(the PCL line is an interrupt input) 
This may be represented as 
IRQ=INT * (COC+BTC+ERR+NDT+PCT*) 
(*PCL line is programmed as an interrupt input.) 


When the IRQ line is asserted, changing the INT bit from one to 
zero to one will cause the IRQ output to change from “low” to 
“high” to “low” again. The IRQ should be negated by clearing the 
COC, the BTC, the ERR, the NDT and the PCT bits. 


If the DMAC receives IACK from the MPU during asserting the 
IRQ, the DMAC provides an interrupt vector. If multiple channels 


have interrupt requests, the determination of which channel 
presents its interrupt vector is made using the same priority 
scheme defined for the channel operations. 


The bus cycle in which the DMAC provides the interrupt vector 
when receiving an IACK from the MPU is called the interrupt 
acknowledge cycle. The interrupt vector returned to the MPU 
comes from either the nomal or the error interrupt vector 
register. The normal interrupt register is used unless the ERR bit 
of CSR is set, in which case the error interrupt vector register is 
used. The content of the interrupt vector register is placed on A,/ 
Do~A1s/D,7, and DTACK is asserted to indicate that the vector is 
on the data bus. If a reset occurs, all interrupt vector registers are 
set to (00001111)., the value of the uninitialized interrupt vector 
of the HD68000 MPU. The timing of the interrupt acknowledge 
cycle is shown in Figure 36. The HD68000 MPU outputs the 
interrupt level into A,-A; and “1” into A,-A, during the interrupt 
acknowledge cycle, but the HD63450 DMAC ignores these 
signals. 





1 2 3 4 §& 


—_{_ 
7 Eee || ae 


____ Wy 


Ai~A7 


a] 2 


2 
=| 


Cc 
0 
wn 


DBE 
A16/Dg~A23/Di5 


As/Do~Ais5/D7 


XDO~ XD 15 eens 
(External System Data Bus) 
DTACK 





30 31 32 33 34 35 36 37 38 


30 31 32 33 34 35 36 37 38 


Figure 37 MPU IACK Cycle to DMAC 


@ Multiple Data Block Transfer Operation 

When the memory transfer counter (MTC) is exhausted, the 
channel operation still continues if the channel is set to the array 
chaining mode or the linked array chaining mode, and the chain 
is not exhausted. The channel operation also continues if the 
continue bit (CNT) of the CCR is set. The DMAC provides the 
initialization of the memory address register and the memory 
transfer counter in these cases so that the DMAC can transfer the 
multiple blocks. 


Continued Operation 
The continued operation is described in the Initiation and the 
Control of the Channel Operation section. 


Array Chaining 

This type of chaining uses an array in memory consisting of 
memory addresses and transfer counts. Each entry in the array is 
six bytes long and, consists of four bytes of address followed by 
two bytes of transfer count. The beginning address of this array 
is in the base address register, and the number of entries in the 
array is in the base transfer counter. Before starting any block 
transfers, the DMAC fetches the entry currently pointed to by the 
base address register. The address information is placed in the 
memory address register, and the count information is placed in 
the memory transfer counter. As each chaining entry is fetched, 
the base transfer counter is decremented by one. After the 
chaining entry is fetched, the base address register is incremented 


© HITACHI 


344 Hitachi America Ltd © 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


Array table — 
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HD68000 
MPU 


peripheral device address 
top address of the table 


number of blocks 
being transfered 


*to be loaded from the array table 


Note The number of data blocks being 
transferred in this example is 3 


top address of 
the table 


HD63450 


memory 


>} memory address A(H) 

memory address A(L) 
transfer count A 

memory address B(H) 


memory address B(L) 
transfer count B 
memory address C(H) 
memory address C(L) 
transfer count C 





Ln 


block C 


memory 
address C 


transfer 
count C 


memory 


address A 
block A 


memory 
block B 


transfer 
count A 


address B 


transfer 
count B 


peripheral 
device 
address —- 


peripheral device 


or 
memory 





Figure 38 Transfer Example of the Array Chaining Mode 


to point the next entry. When the base transfer counter reaches 
a terminal count of zero, the chain is exhausted, and the entry 
just fetched determines the last block of the channel operation. 


An example of the array chaining mode operation and the 
memory format for supporting for array chaining is shown in 
Figure 38. The array must start at an even address, or the entry 
fetch results in an address error. If a terminal count is loaded into 
the memory transfer counter or the base transfer counter, the 
count error is signaled. 


Linked Array Chaining 

This type of chaining uses a list in memory consisting of memory 
address, transfer counts, and link addresses. Each entry in the 
chain list is ten bytes long, and consists of four bytes of memory 
address, two bytes of transfer count and four bytes of link 
address. The address of the first entry in the list is in the base 
address register, and the base transfer counter is unused. Before 
starting any block transfers, the DMAC fetches the entry 
currently pointed to by the base address register. The address 
information is placed in the memory address register, the count 
information is placed in the memory transfer counter, and the 
link address replaces the current contents of the base address 
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register. The channel then begins a new block transfer. As each 
chaining entry is fetched, the update base address register is 
examined for the terminal link which has all 32 bits equal to zero. 
When the new base address is the terminal address, the chain is 
exhausted, and the entry just fetched determines the last block of 
the channel operation. 


An example of the linked array chaining mode operation and the 
memory format for supporting it is shown is Figure 39. 


In Figure 39, the DMAC transfers data blocks in the order of 
Block A, Block B, and Block C. In the linked array chaining 
mode, the BTC is not used. When the DMAC refers to the linked 
array table, the value of the BFC is outputted as the function 
code. The values of the function code registers are unchanged by 
the linked array chaining operation. 


This type of chaining allows entries to be easily removed or 
inserted without having to reorganize data within the chain. 
Since the end of the chain is indicated by a terminal link, the 
number of entries in the array need not be specified to the 


linked array table — 


ZL 


HD68450 


HD68000 
MPU 


DMAC. 


The linked array table must start at an even address in the linked 
array chaining mode. Starting the table at an odd address results 
in an address error. If “0” is initially loaded to the MTC, the 
count error is signaled. Because the MPU can read all of the 
DMAC registers, all necessary error recovery information is 
available to the operating system. 

The comparison of both chaining modes is shown in Table 8. 


Table 8 Chaining Mode Address/Count Information 


Base Address Base Transfer 
Register Counter 
number of data 


blocks being 
transferred 






Completed 
When 








Chaining Mode 


address of the 
array table 


Base Transfer 
Count=0 






Array Chaining 













address of the 
linked array 
table 


Linked Array 
Chaining 









Linked 


snot used) Address =0 





memory 
Bit 15 


link 
address X ~+}| memory address B(H) 


memory address B(L) 
transfer count B 
link address Y(H) 
link address Y(L) 


link 
address Y —>| memory address C(H 


memory address C(L) 
transfer count C 
“All O” terminator 
“All O” terminator 
top address of 
the table {memory address A(H) 
memory address A(L) 
transfer count A 
link address X(H) 
link address X(L) | 


; 


memory 


count C 


addressC transfer 


peripheral device address 
top address of the table 


=> memory 


—p>! 
addressA transfer 


block A count A 


“to be loaded from the linked array table 


memory 


addressB 
block B transfer 
count B 


peripheral 
device 


address => peripheral device 


or memory 





Figure 39 Transfer Example of the Linked Array Chaining Mode 
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Multi-Block Transfer with DONE Mode 

The multi-block transfer with DONE mode is set by setting BTD 
bit of the OCR. In this mode, data block transfer continues even 
if the DONE signal is inputted during the DMA bus cycle. If 
DONE is inputted during the DMA bus cycle when the multi- 
block transfer is not performed, the DMAC resets ACT bit of the 
CSR, sets NDT and COC bits, and terminates the DMA 
operation. 








When DONE is inputted from the I/O device during the DMA bus 
cycle in which ACK is outputted, the DMAC terminates the 
operand transfer and then the current block transfer. Then, 
maintaining the bus, the DMAC sets DIT bit of the CSR and 
reads the data block transfer information from the memory. 
After that, the DMAC transfers the next block as required. 





In the continue mode, if DONE is inputted from the I/O device 
during the DMA bus cycle in which ACK is outputted, the DMAC 
terminates the operand transfer and terminates the current block 
transfer. Then the DMAC shifts the data in BAR, BFC and BTC 
to MAR, MFC and MTC, waits for the transfer request, and 
transfers the next block. If the value of BAR, BFC and BTC is 
the same as that of MAR, MFC and MTC, the DMAC repeats 
transferring the same block. 





As stated above, the multi-block transfer with DONE mode 
realizes termination (stops the current block transfer) and restart 
(starts transferring the next block) of the multi-block transfer in 
the high-speed data transfer system without MPU interposition. 


@ Bus Exception Conditions 

The DMAC has three lines for inputting bus exception conditions 
called BEC,, BEC,, and BEC,. The priority encoder can be used 
to generate these signals externally. These lines are encoded as 
shown in Table 9. 





Table 9 BEC Bus Exception Condition 





is] 
m 
i?) 
tN) 


Exception Condition 


No exception condition 
Halt 

Bus error 

Retry 

Relinquish bus and retry 
(undefined, reserved) 
(undefined, reserved) 
Reset 


BECo 
1 
1 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
0 
0 
0 
0 





oOorororore 


In order to guarantee reliable decoding, the DMAC verifies that 
the incoming code has been stable for two DMAC clock cycles 
before acting on it. The DMAC picks up BEC,-BEC, at the rising 
edge of the clock. If BEC,-BEC, is asserted to the undefined code, 
the operation of the DMAC does not proceed. For example, when 
the DMAC is waiting for DT ACK, inputting DTACK does not 
result in the termination of the cycle if BEC,-BEC, is asserted to 
the undefined code. In addition, when the transfer request is 
received, BR is not output if the BEC,-BEC, is not set to code 
(111). 























If exception condition, except for HALT, is inputted during the 
DMA bus cycle prior to, or in coincidence with DTACK, the 
DMAC terminates the current channel operation immediately. 
Here coincident means meeting the same set up requirements for 
the same sampling edge of the clock. BEC,~BEC, is ignored in 
the current DMA bus cycle if it is input after DTACK. If a bus 
exception condition exists, the DMAC does not generate any bus 
cycles until it is removed. However, the DMAC still recognizes 
requests. 








HD63450 


Halt 


. The timing diagram of halt is shown in Figure 40. This diagram 


shows halt being generated during a read cycle from the 68000 
compatible device in the dual addressing mode. If the halt 
exception is asserted during a DMA bus cycle, the DMAC does 
not terminate the bus cycle immediately The DMAC waits for 
the assertion of DI ACK before terminating the bus cycle so that 
the bus cycle is completed normally. In the halted state, the 
DMAC puts all the control signals to high impedance and 
relinquishes the bus to the MPU. The DMAC does not output the 
BR until halt exception is negated. When halt exception is 
negated, the DMAC acquires the bus again and proceeds the 
DMA operation. In order to insure a halt exception operation, the 
BEC lines must be set to halt at least until the assertion of DTC. 





If the halt is asserted when the DMAC has the bus but is not 
executing any bus cycle, the DMAC relinquishes the bus as soon 
as halt exception is-asserted. 


12 34 56 7 6 ¥Y 10 11 12 13 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


12 34 5 6 7 8 9 1011 1213 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


Other Pus Master 


Read 
—}-—_ ea ' ahd Write 


from Device toM 
Rearbitration ant 


_——} 


DMA 
Halt Asserted ———-}-— Manga toe DMA cycle 


*BECo~ BEC2=(011) 





Figure 40 Halt Operation 
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Bus Error 

The bus error exception is generated by external circuitry to 
indicate the current transfer cannot be successfully completed 
and is to be aborted. As soon as the DMAC recognizes the bus 
error exception, the DMAC immediately terminates the bus cycle 
and proceeds to the error recovery cycle. In this cycle, the DMAC 
adjusts the values of the MAR, the DAR, the MTC and the BTC 
to the values when the bus error exception occurred. 24 clocks 
are required for the error recovery cycle in the single addressing 
mode and in the read cycle of the dual addressing mode. 28 clocks 
are required in the write cycle of the dual addressing mode. If the 
DMAC does not have any transfer request in the other channels 
after the error recovery cycle, the DMAC relinquishes the bus. 


The diagram of the bus error timing is shown in Figure 41. 


12 34 5§ 6 7 8 9 101112 1314 15 16 17 1819 31 32 33 34 25 36 37 


A 


pus Error ——_ a 
(BECo~ BEC2) * 
ek FUT UP LOLOL LLL, LP. 


12 34 5 6 7 8 9 10111213 14 15 1617 18 19 3) 32 33 3435 36 37 
Error 
—+}—-BERR on Write to Device —->— ——+f-—— Other Channels*** 


Recovery Cycle*' 


*BECo-BEC2=(101) 
* «In the single addressing mode and in the read cycle of the dual addressing mode 24 clocks 
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Figure 41 Bus Error Operation 


Retry 
The retry exception causes the DMAC to terminate the present 
operation and retry that operation when retry is removed, and 
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Figure 42 Retry Operation 








thus will not honor any requests until it is removed. However, the 
DMAC still recognizes requests. The retry timing is shown in 
Figure 42. 


Relinquish and Retry (R & R) 

The relinquish and retry exception causes the DMAC to 
relinquish the bus and three-state all bus master controls and 
when the exception is removed, rearbitrate for the bus to retry 
the previous operation. 


The diagram of the relinquish and retry timing is shown in 
Figure 43. 


12 3 45 6 7 8 9 10 11 12 1314 15 1617 18 19 20 21 22 23 24 26 26 27 28 29 30 31 


(BECo~ BEC2)" 
BGACK 


12°34 5&5 6 7 8 9 1013 12 43 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Read Other Master 
——— Relinqush and  -=f— and —-—Read Retry —+-—— 


Retry Asserted Rearbitration 


*BECo~ BEC2=(110) 





Figure 43 Relinquish and Retry Operation 


Reset 

The reset provides a means of resetting and initializing the 
DMAC. If the DMAC is bus master when the reset is asserted, the 
DMAC relinquishes the bus. Reset clears GCR, DCR, OCR, SCR, 
CCR, CSR, CPR, and CER for all channels. The NIV and the EIV 
are all set to (OF)i6, which is the uninitialized interrupt vector 
number for the HD68000 MPU. MTC, MAR, DAR, BTC, BAR, 
MFC, DFC, and BFC are not affected (see Table 10). 


In order to insure a reset, BEC)»~ BEC, must be kept at “Low” 
level for at least ten clocks. 
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Table 10 The Value after Resetting 


Register Comments 
MFC 
DFC 
BFC 
MTC 
BTC 
NIV uninitialized vector 
EIV uninitialized vector 
ol 
poR | SSC 
sor | iO 
cor | ~~ 
CSR depending on PCL 
cer [00 
GCR 00 





x —#indefinite value, or the value before resetting 


@ Error Conditions 

When an error is signaled on a channel, all activity on that 
channel is stopped. The ACT bit of the CSR is cleared, and the 
COC bit is set. The ERR bit of the CSR is set, and the error code 
is indicated in the CER. All pending operations are cleared, so 
that both the STR and CNT bits of CCR are cleared. 


Enumerated below are the error signals and their sources. 


(a) Configuration Error—This error occurs if the STR bit is 
set in the following cases. 

(i) The CNT bit is set at the same time STR bit in the 
chaining mode. 

(ii) DT YP specifies a single addressing mode, and the device 
port size is not the same as the operand size. 

(iii) DT YP specifies a dual addressing mode, DPS is 16 bits, 
SIZE is 8 bits and REQG is “10” or “11”. 

(iv) An undefined configuration is set in the registers. The 
undefined configuraions are: XRM=01, MAC=11, DAC 
=11, CHAIN=01, and SIZE=11. 

When the port size is 8 bits, SIZE=11 is not an error in 
the dual addressing mode. 


(b) Operation Timing Error—An operation timing error 
occurs in the following cases: 

(i) When the CNT bit is set after the ACT bit has been set 
by the DMAC in the chaining mode, or when the STR 
and the ACT bits are not set. 

(ii) The STR bit is set when ACT, COC, BTC, NDT or ERR 
is set. 

(iii) An attempt to write to the DCR, OCR, SCR, MAR, DAR, 
MTC, MFC, or DFC is made when the STR bit or the 
ACT bit is set. 

(iv) An attempt to set the CNT bit is made when the BTC 
and the ACT bits are set. 


(c) Address Error—An address error occurs in the following 
cases : 


(i) An odd address is set for word or long word operands. 
(ii) CS or IACK is asserted during the DMA bus cycle. 





(d) Bus Error—Bus error occurs when a bus error exception is 
signaled during a DMA bus cycle. 


(e) Count Error—A count error occurs in the following cases: 
(i) The STR bit is set when zero is set in the MTC and the 
chaining mode is not used. 
(ii) The STR bit is set when zero is set in BTC for the array 
chaining mode. 
(iii) Zero is loaded from memory or the BTC to the MTC in 
the chaining modes or the continue mode. 


(f) External Abort—External abort occurs if an abort is 
asserted by the external circuitry when the PCL line is 
configured as an abort input and the STR or the ACT bit 
is set. 





(g) Software Abort—Software abort occurs if the SAB bit is 
set when the STR or the ACT bit is set. 


Error Recovery Procedures 

If an error occurs during a DMA transfer, appropriate infor- 
mation is available to the operating system (OS) to allow a 
software failure recovery operation. The operating system must 
be able to determine how much data was transferred, where the 
data was transferred to, and what type of error occurred. 


The information available to the operating system consists of the 
present value of the Memory Address, Device Address and Base 
Address Register, the Memory Transfer and Base Transfer 
Counters, the channel status register, the channel error register. 
After the successful completion of any transfer, the memory and 
device address registers point to the location of the next operand 
to be transferred and the memory transfer counter contains the 
number of operands yet to be transferred. If an error occurs 
during a transfer, that transfer has not completed and the 
registers contain the values they had before the transfer was 
attempted. If the channel operation uses chaining, the Base 
Address Register points to the next chain entry to be serviced, 
unless the termination occurred while attempting to fetch an 
entry in the chain. In that case, the Base Address Register points 
to the entry being fetched. However, in the case of external 
abort, there are cases in which the previous values are not 
recovered. 


Bus Exception Operating Flow 

The bus exception operating flow in the case of multiple 
exception conditions occurring continuously in sequence is shown 
in Figure 44. Note that the DMAC can receive and execute the 
next exception condition before completing the current exception 
operation. For example, if the retry exception occurs, and next 
the relinquish and retry exception occurs while the DMAC is 
waiting for the retry condition to be cleared, the DMAC 
relinquishes the bus and waits for the exception condition to be 
cleared. If a bus error occurs during this period, the DMAC 
executes the bus error exception operation. 


The flow diagram of the normal operation without exception 
operation or errors is shown in Figure 45. 
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Figure 44 Bus Exception Flow Diagram 
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Figure 45 Flow of Normal Operation Without Exception 
or Error Condition 
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MICHANNEL PRIORITIES that channel. If there are several requesting channels at the same 


Each channel has a priority level, which is determined by the priority level, a round-robin resolution is used, that is the DMAC 
contents of the Channel Priority Register (CPR). The priority of does operand transfers in rotation starting form the channel of 
a channel is set by writing one of values (00), through (11)2, to the lowest address. 

CPR, (00). being the highest priority level. When multiple 
requests are pending at the DMAC, the channel with the highest 
priority receives first service. The priority of a channel is 
independent of the device protocol or the request mechanism for 


Resetting the DMAC sets the priority level of all channels to 
“(00).”, the highest priority level. 


As ~ A23 (Address Bus) 


74L$373 


x2 
HD63450 
DMAC 


74LS245 B 
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Figure 46 An Example of the Demultiplexed Address Data Bus 
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@ APPLICATIONS directional buffer 74LS245. These signals are three-stated at 
Examples of how to interface HD63450 to an HD68000 based active low, which requires pull-up resistors. 
system are shown in Figures 46 and 47. 

Figure 47 shows an example of inter-device connection in the 
Figure 46 shows an example of how to demultiplex the address/ HD68000 system. REQ, ACK, PCL, DTC, and DONE are used to 
data bus. OWN and UAS are used to control 74LS373 for latching control I/O devices. 
the address. DBEN and DDIR are used to control the bi- 
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The address bus and the system control bus in each device are omitted in this Figure 





Figure 47 An Example of Inter-Device Connection in 
the HD68000 System 
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@ NOTES FOR USING HD63450 

(1)1/0 device connection in HD6800 mode. 

When the DMAC is reading data from the HD6800 type periph- 
eral device, the data is to be latched not at the falling edge of E 
clock but at that of CLK of DTC assertion. As shown in the figure 
below, the 74LS373 is externally required to keep this data on the 
bus of the DMAC. 


(2) External abort during the DONE input cycle 

In case of I/O device-to-Memory transfer under the dual ad- 
dressing mode, the DONE input occurs during the read cycle of I/ 
O device-to-DMAC registers. 





The external abort (PCL is configured as an external abort 
input.) will be ignored during the write cycle which subsequently 
starts after the DMAC enters the DONE input cycle. 





HD68000 Data Bus 
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HD63450 


In this case, the registers CSR and CER indicate the normal 
transfer termination informed by the DONE input. When PCT = 
“1”, ERR = “0”, and NDT = “1” are set in CSR, an external 
abort has occurred. 





(3) Multiple errors in one channel 

In case of the sequential multiple errors in one channel, the 
DMAC indicates only the first one. The error code once set in 
CER is reserved until the ERR bit is reset. 


(4) Attention for mounting the DMAC 
The thick wiring is recommended to be used to connect the Vss 
pin of the DMAC to the ground of the circuit board. 


When using a socket, note that the Vss pin should make a good 
contact with the socket. 


gic 


Bus Control Lo 





Figure 48 An Example of Connection with HD6800 type Peripheral Devices 


(channel 2 and 3 are used) 
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@ PACKGE DIMENSIONS (Unit: mm (inch)) 
scale: 1/1 
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HD68450 


Direct Memory Access Controller (NMOS) 


Microprocessor implemented systems are becoming increas- 
ingly complex, particularly with the advent of high-performance 
16-bit MPU devices with large memory addressing capability. In 
order to maintain high throughput, large blocks of data must be 
moved within these systems in a quick, efficient manner with 
minimum intervention by the MPU itself. 

The HD68450 Direct Memory Access Controller (DMAC) 
is designed specifically to complement the performance and 
architectural capabilities of the HD68000 MPU by providing the 
following features: 


HD68000 Bus Compatible 

4 independent DMA Channels 

Memory-to-Memory, Memory-to-Device, Device-to-Memory 
Transfers 

MMU Compatible 

Array-Chained and Linked-Array-Chained Operations 
On-Chip Registers that allow Complete Software Control by 
the System MPU 

Interface Lines for Requesting, Acknowledging, and 
Incidental Control of the Peripheral Devices 

Variable System Bus Bandwidth Utilization 

Programmable Channel Prioritization 

2 Vectored interrupts for each Channel 

Auto-Request and External-Request Transfer Modes 

+5 Volt Operation 


The DMAC functions by transfering a series of operands (data) 
between memory and peripheral device; operand sizes can 
be byte, word, or long word. A block is a sequence of opera- 
tions; the number of operands in a block is determined by a 
transfer count. A single-channel operation may involve the 
transfer of several blocks of data between memory and device. 


Type No. Packaging 
HD68450-8 DC-64 
HD68450-10 DC-64 
HD68450Y-8 PGA-68 
HD68450Y-10 PGA-68 
31 
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(One Set Per 
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HD68450 


® ABSOLUTE MAXIMUM RATINGS 


Item Unit 
Operating Temperature Range wo) 


* With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded Normal operation should be under recommended operating conditions 
{f these conditions are exceeded, it could affect reliability of LSI. 


@ RECOMMENDED OPERATING CONDITIONS 


Input Voitage 


* With respect to Vgg (SYSTEM GND) 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5V +5%, Vsg = OV, Ta = O~ +70°C, unless otherwise noted.) 


tem Symbol | TestCondition | min | typ_| max _| Unit 


Input “High” Voltage 
Input “Low” Voltage 


Input Leakage Current 


Three-State (Off State) 
Input Current 





Open Drain (Off State) 
Input Current 


Output “High” Voltage 





Do ~ Dis/Ag ~ Ad3, AS, UDS, 
LDS, R/W, DTACK, BR. 

OWN, DTC, HIBYTE, DDIR, 
DBEN, ACKo ~ ACK3,UAS, 
PCLo ~PCL3, BGACK 









Output ‘‘Low” Voltage 































iRQ, DONE lo.=89mA | | = | 8 
Power Dissipation (fo [ewe | ~ | 1 | 20 | 
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Figure 1 Test Loads 


@ AC ELECTRICAL SPECIFICATIONS (Vcc = 5V 5%, Vgg = OV, Ta = 0~+70°C) 


No 


1 
2 
3 
4 
5 
6 
7 
8 


9 
10 


Item 


Frequency of Operation 

Clock Period 

Clock Width Low 

Clock Width High 

Clock Fall Time 

Clock Rise Time 

Asynchronous Input Setup Time 
Data in to DBEN Low 

OTACK Low to Data Invalid 
Address in to AS in Low 


10A } DS tn High to CS High 


11 
12 
13 
14 
15 
16 
7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 


Clock High to DOIR Low 
Clock High to ODIR High 


DS in High to ODIR High Impedance 


Clock Low to OBEN Low 
Clock Low to OBEN High 


DS in High to OBEN High Impedance 
Clock High to Data Out Valid (MPU read) 


DS in High to Data Out Invalid 


DS tn High to Data High Impedance 


Clock Low to DTACK Low 
DS in High to DTACK High 
DTACK Width High 


DS in High to DTACK High Impedance 


DTACK Low to DS in High 
REQ Width Low 

REQ Low to BR Low 
Clock High to BR Low 
Clock High to BR High 

BG Low to BGACK Low 


BR Low to MPU Cycle End (AS in High) 
MPU Cycle End (AS in High) to BGACK Low 


REQ Low to BGACK Low 
Clock High to BGACK High 
Clock High to BGACK High 


Clock Low to BGACK High !mpedance 


Clock High to FC Valid 
Clock High to Address Valid 


Clock High to Address/FC/Data High Impedance 
Clock High to Address/FC/Data Invalid 
Clock Low to Address High Impedance 


Clock High to UAS Low 
Clock High to UAS High 


Clock Low to UAS High Impedance 


UAS High to Address Invalid 
Clock High to AS, OS Low 
Clock Low to DS Low (write) 
Clock Low to AS, DS High 


Clock Low to AS, BS High Impedance 


AS Width Low 
OS Width Low 
AS, DS Width High 


Address/FC Valid to AS, 0S Low 
AS, DS High to Address/FC/Data Invalid 


Clock High to R/W Low 
Clock High to R/W High 


>, DS in High to Address in Invalid 
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(to be continued) 
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Figure 2. Input Clock Waveform 
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Figure 3 AC Electrical Waveforms — MPU Read/Write 
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Figure 4 AC Electrical Waveforms — Bus Arbitration 
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* DTACK Is picked up at the rising edge of CLK. This 1s different from HD68000. 
** This timing is not related to DMA Read/Write (Single Cycle) sequence 


Figure 5 AC Electrical Waveforms — DMA Read/Write (Single Cycle) 
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**** If #6 Is satisfied for both DTACK and BEC, #96 may be Ons 
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DMAC and the system data bus In this case, the output of DBEN must be delayed externally 
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Figure 6 AC Electrical Waveforms — DMA Read/Write (Dual Cycle) 
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Figure 7 AC Electrical Waveforms — DMA Read/Write (Single Cycle with PCL) 
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Figure 8 AC Electrical Waveforms — DONE Input 


(NOTES for Figure 3 through 8) 








falling edge of the clock Setup time for BEC) ~ BEC,, REQ. ~ REQ;3, PCL. ~ PCL;, DTACK, and DONE guarantees their 
recognition at the next rising edge of the clock 

2) Timing measurements are referenced to and from a low voltage of 0 8 volts and a high voltage of 2 0 volts 

3) These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals Refer to other functional descriptions and their related diagrams 
for device operation 
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® SIGNAL DESCRIPTION 


The following section identifies the signals used in the 
DMAC In the definitions, “MPU mode” refers to the state 
when the DMAC is chip selected by MPU. The term “DMA 
mode” refers to the state when the DMAC assumes ownership of 
the bus. The DMAC 1s in the “IDLE mode” at all other times. 
Moreover, the DMA bus cycle refers to the bus cycle that 1s 
executed by the DMAC in the “DMA mode”. 

NOTE) In this data sheet, the state of the signals 1s 
described with these words: active or assert, inactive 
or negate. 

This is done to avoid confusion when dealing with a mixture 
of “active-low’’ and “‘active-high”’ signals. The term assert or 
assertion 1s used to indicate that a signal is active or true inde- 
pendent of whether that voltage 1s low or high The term negate 
or negation is used to indicate that a signal is inactive or false. 
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Figure 9 Input and Output Signals 


@ Address/Data Bus (A;/Dp) through A,3/D,;) 


Input/Output Three-statable 
Active-high 


These lines are time multiplexed for address and data bus 
The lines DDIR, DBEN, UAS and OWN are used to control the 
demultiplexing of the data and address lines externally. De- 
multiplexing 1s explained in the later section The bi-directional 
data bus 1s used to transfer data between DMAC, MPU, memory 
and I/O devices 

Address lines are outputs to address memory and I/O devices. 

















© Address Bus (A, through A,) 


Input/Output Three-statable 


Active-high 


In the MPU mode, the DMAC internal registers are accessed 
with these lines and LDS, UDS. The address map for these 
registers 1s shown in Table 1. During a DMA bus cycle, A,-A, 
are outputs containing the low order address bits of the location 
being accessed. 


@ Function Code (FC, through FC, ) 


Output Three-statable 


Active-high 


These output signals provide the function codes during 
DMA bus cycles They are three-stated except in the DMA bus 
cycles. They are used to control the HD68000 memories. [See Atten- 
tion on Usage, Note (6) ] 


@ Clock (CLK) 


Input 


This 1s the input clock to the HD68450, and should never be 
terminated at any time. This clock can be different from the 
MPU clock since HD68450 operates completely asynchronously 


© Chip Select (CS) 


Input 
Active low 


This input signal is used to chip select the DMAC in “MPU” 
mode. If the CS input is asserted during a bus cycle which 1s 
generated by the DMAC, the DMAC internally terminates the 
bus cycle and signals an address error This function protects 
the DMAC from accessing its own register. [See Attention on Usage, 
Note (5).] 
© Address Strobe (AS) 


Input/Output Three-statable 


Active low 


In the “MPU mode’’, this line 1s an input indicating valid 
address input, and during the DMA bus cycle it 1s an output 
indicating valid the address output from the DMAC on the 
address bus. 

The DMAC monitors these input lines during bus arbitration 
to determine the completion of the bus cycle by the MPU or 
other bus masters. 


@ Upper Address Strobe (UAS) 


Output Three-statable 


Active low 


This line is an output to latch the upper address lines on the 
multiplexed data/address lines It is three-stated except in the 
“DMA mode”’. 


@ Own (OWN) 


Three-statable 


Output 


Active low 
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This line 1s asserted by the DMAC during DMA mode, and is 
used to control the output of the address line latch This line 
may also be used to control the direction of bi-directional 
buffers when loads on AS, LDS, UDS, R/W and other signals 
exceed the drive capability It is three-stated in the “MPU 
mode” and the “IDLE mode” 





® Data Direction (DDIR) 





Outputs Thiee-statable 
Active low (when data direction 1s input to 
the DMAC) 


Active high (when the data direction 1s output 
from the DMAC) 


This line controls the direction of data through the bidirectional 
buffer which 1s used to demultiplex the data/address lines It 1s three- 
stated during the “IDLE mode” 


® Data Bus Enable (DBEN) 


Output Three-statable 


Active low 


This line controls the output enable line of bidirectional 
buffers on the multiplexed data/address lines It 1s a three-stated 
during the “IDLE mode” 


@ High Byte (HIBYTE) 


Output Three-statable 


Active low 


This line 1s used when the operand size 1s byte in the single 
addressing mode It 1s asseited when data is present on the 
upper eight bits of the data bus It 1s used to control the output 
of bidirectional buffers which connects the upper eight bits of 
the data bus with the lower eight bits It 1s three-stated during 
the “MPU mode” and the “IDLE mode” 


@ Read/Write (R/W) 


Input/Output Three-statable 


Active low (write) 


Active high (read) 





This line is an input in the “MPU mode” and an output 
during the “‘DMA mode”. It 1s three-stated during the “IDLE 
mode”’. It 1s used to control the direction of data flow 


@ Upper Data Strobe (UDS), Lower Data Strobe (LDS) 


Input/Output Three-statable 


Active low 


These lines are extensions of the address lines indicating 
which byte or bytes of data of the addressed word are being 
addressed These lines combined corresponds to address line 
Ag in table 1. 


®@ Data Transfer Acknowledge (DTACK) 


Input/Output Three-statable 


Active low 


HD68450 


In the “MPU mode”, this line 1s an output indicating the 
completion of Read/Wnite bus cycle by the MPU 

In the ““DMA mode”, the DMAC monitors this line to deter- 
mine when a data transfer has completed. In the event that a 
bus exception is requested, except for HALT, prior to or con- 
current with DTACK, the DTACK response 1s ignored and the 
bus exception 1s honored In the “IDLE mode”, this signal 1s 
three-stated 











@ Bus Exception Controls (BEC, through BEC, } 


Input 
Active low 


These lines provide an encoded signal input indicating an 
exceptional condition in the DMA bus cycle. See bus exception 
section for details 


@ Bus Request (BR) 


Output 
Active low 


This output line 1s used to request ownership of the bus by the 
DMAC. [See Attention on Usage, Notes (8), (9) ] 


®@ Bus Grant (BG) 


Input 
Active low 


This line 1s used to indicate to the DMAC that it 1s to be the 
next bus master The DMAC cannot assume bus owneiship until 
both AS and BGACK becomes inactive Once the DMAC ac- 
quires the bus, it does not continue to monitor the BG input 


@ Bus Grant Acknowledge (BGACK) 


Input/Output Three-statable 


Active low 


Bus Grant Acknowledge (BGACK) 1s a bidirectional control 
line. As an output, it is generated by the DMAC to indicate that 
itis the bus master 

As an input, BGACK 1s monitored by the DMAC, in limited 
rate auto-request mode, to determine whether or not the 
current bus master 1s a DMA device or not. BGACK 1s also 
monitored during bus arbitration in order to assume bus ownership 
[See Attention on Usage, Notes (8), (9) ] 





@ Interrupt Request (IRQ) 


Output 
Active low 


Open drain 


This line 1s used to request an interrupt to the MPU. 


@ interrupt Acknowledge (IACK) 


Input 
Active low 


This line is an input to the DMAC indicating that the current 
bus cycle is an interrupt acknowledge cycle by the MPU The 
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DMAC responds the interrupt vector of the channel with the 
highest priority requesting an interrupt. There are two kinds of 
the interrupt vectors for each channel: normal (NIV) or error 
(EIV). IACK is not serviced if the DMAC has not generated 
IRQ. 


@ Channel Request (REQ, through REQ; ) 


Input 


Active low or falling edge 





These lines are the DMA transfer request inputs from the 
peripheral devices 

These lines are falling edge sensitive inputs when the request 
mode is cycle steal They are low-level sensitive when the 
request mode is burst. 


@ Channel Acknowledge (ACK, through ACK;) 


Output 


Active low 





These lines indicate to the I/O device requesting a transfer 
that the request is acknowledged and the transfer is to be per- 
formed. These lines may be used as a part of the enable circuit 
for bus interface to the peripheral. 


@ Peripheral Control Line (PCL> through PCL; ) 


Three-statable 


Input/Output 


Active low 





The four lines (PCLo ~ PCL3) are multi-purpose lines which 
may be individually programmed to be a START output, an 
Enable Clock input, a READY input, an ABORT input, a 
STATUS input, or an INTERRUPT input. [See Attention on Usage, 
Note (2).] 


@ Done (DONE) 
Open Drain 


Input/Output 


Active low 





As an output, this line is asserted concurrently with the 
ACK y timing to indicate the last data transfer to the peripheral 
device As an input, it allows the peripheral device to request a 
normal termination of the DMA transfer. [See Attention on Usage, 
Note (2).] 





@ Device Transfer Complete (OTC) 


Three-statable 


Output 


Active low 





This line 1s asserted when the DMA bus cycle has terminated 
normally with no exceptions. It may be used to supply the data 
latch timing to the peripheral device. In this case, data is valid at 
the falling edge of DTC. 


® INTERNAL ORGANIZATION 


The DMAC has four independent DMA channels. Each chan- 
nel has its own set of channel registers. These registers define 
and control the activity of the DMAC in processing a channel 
operation. 
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Figure 10 Internal Registers 





@ Register Organization 

The internal register addresses are represented in Table 1. 
Address space not used within the address map 1s reserved for 
future expansion. A read from an unused location in the map 
results in a normal bus cycle with all ones for data A write 
to one of these locations results in a normal bus cycle but no 
write Occurs. 

Unused bits of the defined registers in Table | read as zeros 


Table 1 Internal Register Addressing Assignments 


ddress Bits 
Register 

Channel Status Register 
Channel Error Register 
Device Control Register 
Operation Control Register 
Sequence Control Register 
Channel Control Register 
Memory Transfer Counter 
Memory Address Register 
Device Address Register 
Base Transfer Counter 
Base Address Register 
Normal Interrupt Vector 
Error Interrupt Vector 
Channel Priority Register 
Memory Function Codes 
Device Function Codes 
Base Function Codes 
General Control Register 


: 
° 
jeu 
ic) 
* 


SpNANQANAAANAAAAANAAAAA ONLY 
SADMDAAGAaAANAAAANAANAAAAAAA AID 
Hass --=9Q0000000000m 
~4=3=0000-=--00000000/8 
= 302=+-00--0--000000W 
200022220 22024=-=00/N 
~D000-04% = 8 = 4=30000]- 
eee een TNNTB2O-O— 
DDDVDODDMDVDDMVBVIVIVIAWAIVAMES 
SSSSSSSSSSSSSESSE F 


cc 00-Channe! #0,01-Channel #1, 
10-Channel #+2,11-Channel #3, 

ss 00-high-order, O1-upper middie, 
10-lower middie,11-low-order 

b O-high-order, 1-low-order 

* see Channel Status Register Section 


@ Device Control Register (DCR) 

The DCR is a device oriented control register. The XRM bits 
specifies whether the channel is in burst or cycle steal request 
mode. The DTYP bits define what type of device is on the 
channel. If the DTYP bits are programmed to be a HD6800 device, 
the PCL definition is ignored and the PCL line is an Enable clock 
input If the DTYP bits are programmed to be a device with READY, 
the PCL definition is ignored and the PCL line is a READY input. 
The DPS bit defines the port size (eight or sixteen bits) of peripheral 
device. (A port size 1s the largest data which the peripheral device can 
transfer during a DMA bus cycle.) the PCL bits define the function of 
the PCL line. If the DTYP bits are programmed to be HD6800 
device, or Device with ACK and READY, these definitions are ig- 
nored. The XRM bits are ignored if an auto-request mode (REQG = 
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QO or OL in Operation Control Register) 1s selected 


7 6 5 4 3 2 1 0 


XRM DTYP DPS ie PCL 


XRM (EXTERNAL REQUEST MODE) 
OO Burst Transfe: Mode 
0] (undefined, :eseived) 
10 Cycle Steal Mode without Hold 
11 Cycle Steal Mode with Hold 
DTYP (DEVICE TYPE) 
00 HD68000 compatible device, explicitly addressed 
(dual addiessing mode) 
Ol HD6800 compatible device, explicitly addressed 
(dual addressing mode) 
10 ~~ Device with ACK, implicitly addressed 
(single addressing mode) 
11 = Device with ACK and READY, implicitly addressed 
(single addressing mode) 
DPS (DEVICE PORT SIZE) 
0 8 bit port 
| 16 bit port 
PCL (PERIPHERAL CONTROL LINE) 
OO = Status Input 
Ol Status Input with Interrupt 
10 = Start Pulse 
11 Abort Input 
Bit 2 Not Used 


@ Operation Control Register (OCR) 

The OCR 1s an operation control register. The DIR bit 
defines the direction of the transfer The SIZE bits define the 
size of the operand The CHAIN bits define the type of the 
CHAIN mode The REQG bits define how requests for transfers 
are gencrated 











DIR (DIRECTION) 


0 Transfer from memory to device 
(transfer from MAR address to DAR address) 
l Transfer from device to memory 


(transfer from DAR address to MAR address) 
SIZE (OPERAND SIZE) 
OO = Byte (8 bits) 
Ol Word (16 bits) 
10. ~—Long Word (32 bits) 
11 See Note Below 
CHAIN (CHAINING OPERATION) 
OO Chain operation is disabled 
Ol (undefined, reserved) 
10. ~=Array Chaining 
11 ~=Linked Array Chaining 
REQG (DMA REQUEST GENERATION METHOD) 
00 Auto-request at transfer rate limited by General Control 
Register (Limited Rate Auto-Request) 
Ol Auto-request at maximum rate 


NOTE Ifthe DMAC 15 set to dual addressing mode, port size 8 bits, external request 
mode, and the data transfer 1s from peripheral device to memory, set SIZE = 11 
in the Operation Control Register (OCR) 
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10 REQ line requests an operand transfer 
11  Auto-request the first operand, external request for 
subsequent operands 
Bit 6 Not Used 


@ Sequence Control Register (SCR) 
The SCR 1s used to define the sequencing of memory and 
device addresses 


7 6 5 4 3 2 1 0 
a ne 
MAC (MEMORY ADDRESS COUNT) 

OO Memory address register does not count 

Ol Memory address register counts up 

10 Memory address register counts down 

11 (undefined, reserved) 
DAC (DEVICE ADDRESS COUNT) 

OO Device address register does not count 

Ol Device address register counts up 

10 Device address register counts down 


11 (undefined, reserved) 
Bits 7, 6,5, 4 Not Used 


@ Channel Control Register (CCR) 

The CCR 1s used to start or terminate the operation of a 
channel This register also determines 1f an interrupt request 1s 
to be generated Setting the STR bit causes immediate activa- 
tion of the channel, the channel will be ready to accept request 
immediately The STR and CNT bits of the register cannot 
be reset by a write to the register The SAB bit 1s used to 
terminate the operation forcedly Setting the SAB bit will reset 
STR and CNT Setting the HLT bit will halt the channel opera- 
tion, and clearing the HLT bit will resume the operation. Setting 
start bit must be done by byte access Otherwise, timing error 
occurs. 


7 6 5 4 3 2 1 0 


STR (START OPERATION) 
0 No operation 1s pending 


| Start operation 

CNT (CONTINUE OPERATION) 
0 No continuation 1s pending 
l Continue operation 


HLT (HALT OPERATION) 
0 Operation not halted 
l Operation halted 
SAB (SOFTWARE ABORT) 
0 Channel operation not aborted 
| Abort channel operation 
INT (INTERRUPT ENABLE) 
0 No interrupts enabled 
l Interrupts enabled 
Bits 2, 1,0 Not Used 


@ Channel Status Register (CSR) 
The CSR is a register containing the status of the channel. 
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7 6 5 4 3 2 1 0 
coe | ere [nor] ena | acr | 0 | ror | rcs 


COC (CHANNEL OPERATION COMPLETE) 
0 Channel operation incomplete 
l Channel operation complete 
BTC (BLOCK TRANSFER COMPLETE) 
0 Block transfer incomplete 
] Block transfer complete 
NDT (NORMAL DEVICE TERMINATION) 
0 No normal device termination by DONE input 
1 Device terminated operation normally by DONE input 
ERR (ERROR BIT) 
0 No errors 
l Error as coded in CER 
ACT (CHANNEL ACTIVE) 
0 Channel not active 
] Channel active 
PCT (PCL TRANSITION) 
0 No PCL transition occurred 
1 PCL transition occurred __ 
PCS (THE STATE OF THE PCL INPUT LINE) 
0 PCL “Low” 
1 PCL “High” 
Bit 2 Not Used 





@ Channel Error Register (CER) 

The CER 1s an error condition status register. The ERR bit of CSR 
indicates if there is an error or not Bits 0-4 indicate what type of error 
occurred. [See Attention on Usage, Note (3).] 


7 6 5 4 3 2 1 0 
ss 
Error Code 
00000 No error 
00001 Configuration error 
00010 Operation timing error 
00101 Address error in MAR 
00110 Address error in DAR 
00111 Address error in BAR 
01001 Bus error in MAR 
01010 Buserror in DAR 
01011 Buserror in BAR 
01101 Count error in MTC 
01111 Count error in BTC 
10000 External abort 


10001 Software abort 
Bits 7,6, 5 Not Used 


© Channel Priority Register (CPR) 

The CPR 1s used to define the priority level of the channel. 
Priority level 0 is the highest and priority level 3 is the lowest 
priority. 


7 6 5 4 3 2 1 0 


CP (CHANNEL PRIORITY) 
00 Priority level 0 

01 Priority level 1 

10 Priority level 2 

11 Priority level 3 

Bit 7 through 2 Not Used 


@ General Control Register (GCR) 

The GCR 1s used to define what portion of the bus cycles 1s 
available to the DMAC for limited rate auto-1equest generation. 
GCR 1s also used to specify the hold time for cycle steal mode 
with hold. 


7 6 5 4 3 2 1 0 
aie r eet ee 
BT (BURST TIME) 

The number of DMA clock cycles pe: buist that the DMAC 
allows in the auto-request at a limited rate of transfer 1s con- 
trolled by these two bits. The number is 2(BT+4) (two to the BT +4 
power) 

BR (BANDWIDTH RATIO) 

The amount of the bandwidth utilized by the auto-request at 
a limited rate transfer 1s controlled by these two bits. The ratio 1s 
2(BR+ 1!) (two to the BR+ 1 power). 

The hold time for cycle steal mode with hold 1s defined to 
be minimum of | sample interval and maximum of 2 sample 


intervals. A sample interval 1s defined to be 2(BT+BR+5) (two to the 
BT+BR+5 power) clock cycles. 


Bits 7 through 4 Not Used 


@ Address Registers (MAR, DAR, BAR) 

Three 32-bit registers are utilized to implement the Memory 
Address Register, Device Address Register, and the Base Address 
Register. Only the least significant twenty-four bits are con- 
nected to the address output pins. The content of the MAR 1s 
outputted when the memory 1s accessed 1n single or dual adress- 
ing mode. The content of the DAR 1s outputted when the 
peripheral device is accessed. The contents of the BAR 1s out- 
putted when reading chain information from memory in the 
Array Chaining Mode or the Linked Array Chaining Mode. It 1s 
also used to set the top address of the next block transfer in 
Continue mode. 


@ Function Code Registers (MFC, DFC, BFC) 

The DMAC has three function code registers per channel 
the Memory Function Code Register (MFC), Device Function 
Code Register (DFC), and the Base Function Code Register 
(BFC). The contents of these registers are outputted from FC, 
through FC, lines when an address is outputted from MAR, 
DAR, or BAR, respectively The BFC is also used to set the 
MFC for the transfer of the next data block in the Continue 
mode. 


7 6 5 4 3 2 1 0 
pe fede fe |e fre] re | ro 
Bits 3 through 7 Not Used | 
® Transfer Count Registers (MTC, BTC) 


Each channel has two 16-bit counters: the Memory Transfer 
Counter (MTC) and the Base Transfer Counter (BTC). The MTC 
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counts the number of transfer words in one block, and 1s de- 
creased by one for every operand transfer 

The BTC 1s used to count the number of data blocks in the 
Array Chaining Mode. BTC 1s also used to set the number of 
operands to transfer for the next data block in the Continue 
Mode. 


@ Interrupt Vector Registers (NIV, EIV) 

Each channel has a Normal Interrupt Vector register and an 
Error Interrupt Vector register. 

When an interrupt acknowledge cycle occurs, an interrupt 
vector is outputted from one of those registers If the error bit 
(CSR) is set for the channel with interrupt pending, then con- 
tent of EIV is outputted, otherwise content of NIV 1s out- 
putted 


= OPERATION DESCRIPTION 


A DMAC channel operation proceeds in three principal 
phases. During the initialization phase, the MPU sets the channel 
control registers, supply the initial address and the number of 
transfer woids, and starts the channel During the transfer 
phase, the DMAC accepts requests for data operand transfers, 
and provides addressing and bus contiols for the transfers The 
termination phase occurs after the operation 1s completed. 

This section describes DMAC operations A description of 
the MPU/DMAC communication 1s given first Next, the transfer 
phase is covered, including how the DMAC recognizes requests 
and how the DMAC arranges for data transfer Following this, 
the initialization phase is described The termination phase 1s 
covered, introducing chaining, error signaling, and bus excep- 
tions A description of the channel prioiity scheme rounds out 
the section 


CLK eee 
27 28 29 30 31 32 33 34 35 36 


Ai~A23 wee 
FCo~FG, 


12345 6 


@ Read/Write of the DMAC Registers by MPU 
The MPU reads and wnites the DMAC internal registers and 
controls the DMA transfer Figure 11 indicates the timing dia- 
gram when the MPU reads the contents of the DMAC register 
The MPU outputs A,-A53, FCo-FC,, AS, R/W, UDS, and LDS, 
and accesses the DMAC internal register The specific internal 
register 1s selected by A1-A7, LDS and UDS The CS and [ACK 
lines are generated by the external circuit with Ag-A3 and 
FCy-FC, The DMAC outputs data on the data bus, togethe: 
with DDIR, DBEN and DTACK The DDIR and DBEN contol 
the bidirectional buffer on the bus and the DTACK indicates 
that the data has been sent or received by the DMAC Read 
Cycle is eighteen CLKs Figure 12 shows the MPU wnite cycle 
Write cycle 1s fifteen CLKs. 
Note the following points. 
(1) The clock reference shown in this figure is the DMAC input 
clock. 
(2) The DDIR and the DBEN are three-stated at the beginning 
which detects CS and the ending of the cycle 
(3) During the MPU tead cycle, the DTACK 1s asserted after 
the data is valid on the system bus 
(4) During the MPU wnite cycle, the DDIR line will be driven 
low to direct the data buffers toward to DMAC before the 
buffers are enabled 
(5) During the MPU write cycle, the DMAC will latch the data 
before asserting DTACK. Then it will negate DBEN and 
DDIR in the proper order 
(6) After the MPU cycle and the LDS and the UDS are negated 
by the MPU, the DMAC will put DBEN, DDIR and the 
address data lines to a high impedance state. 
(7) DTACK will once go “High” and then to a high impedance 
state after negating LDS and UDS. 
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@ Bus Arbitration 

The following is the description of the bus arbitration. The DMAC 
must obtain the ownership of the bus in order to: transfer. 
data. Figure 13 indicates the DMAC bus arbitration timing. It 1s 
completely compatible with that of HD68000 MPU. The DMAC 
asserts the Bus Grant (BG) to request the bus mastership. The 
MPU recognizes the request and asserts BG, then it grants the 


ownership in the next bus cycle. After the end of the cunent 
cycle (AS 1s negated), the MPU relinquishes the bus to the 
DMAC. The DMAC asserts the bus grant acknowledge (BGACK) 
to indicate that 1t has the bus ownership. A half clock before 
BGACK 1s asserted, the DMAC asserts OWN. OWN 1s kept 
asserted for a half clock after BGACK is negated at the end of 
the DMA cycle. BR 1s negated one clock after BGACK 1s 
asserted. 
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Figure 13 DMAC Bus Arbitration Timing 
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@ Device/DMAC Communication 

Communication between peripheral devices and the DMAC 1s 
accomodated by five signal lines Each channel has REQ, ACK 
and PCL, and the last two lines the DONE and DTC lines, are 
shared among the four channels 
(1) Request (REQ) ee 

The penpheral devices assert REQ to request data transfers 
See the “Requests” section for details 
(2) Acknowledge (ACK) 

This line 1s used to implicitly address the device which 1s 
transferring the data (This device 1s not selected by address 
lines ) It 1s also asserted when the content of DAR 1s out- 
putted during memory-to-memory transfer except for the auto- 
request mode at a limited rate or at the maximum rate 
(3) Peripheral Control Line (PCL) 

The function of this line is quite flexible and 1s determined 
by the DCR (Device Control Register). 

The DTYP bits of the DCR define what type of device 
is on the channel If the DTYP bits are programmed to be a 
HMCS6800 device, the PCL definition 1s ignored and the PCL 
line 1s an Enable clock (E clock) input. If the DTYP bits are pro- 
grammed to be a device with READY, the PCL definition as 
ignored and the PCL line is a ready input. 

PCL As a Status Input 

The PCL line may be programmed as a status input The 
status level of this line can be determined by the PCS bit in the 
CSR, regardless of the PCL function determined by the DCR 
If a negative transition occurs and remains stable for a mini- 
mum of two clocks, the PCT bit of the CSR 1s set. This PCT 
bit 1s cleared by resetting the DMAC or the writing “1” to the 
PCT bit 
PCL As an Interrupt 

The PCL line may be programmed to generate an interrupt 
on a negative transition This enables an interrupt which 1s re- 
quested if the PCT bit of the CSR 1s set When using this func- 
tion, 1t 1s necessary to reset the PCT bit in the CSR before the 
PCL bit in the DCR 1s set to interrupt, in order to avoid 
assertion of IRQ line at this time. 

PCL Asa Starting Pulse 

The PCL line may be programmed to output a starting pulse 
This active low starting pulse is outputted when a channel 1s 
activated, and is “Low” for a period of four clock cycles. 

PCL As an Abort Input 

The PCL line may be programmed to be a negative transition 
above input which terminates an operation by setting the ex- 
ternal abort error in CER. It is necessary to reset the PCT bit in 
the CSR before activating the channel (Setting the ACT bit of 
CCR) so that the channel operation 1s not immediately aborted [See 
Attention on Usage, Note (2) ] 

PCL As an Enable Clock (E Clock) Input 

If the DTYP bits are programmed to be a HD6800 device, the 
PCL definition 1s ignored and the PCL line is an Enable 
Clock input The Enable clock downtime must be as long as five 
clock cycles, and must be high for a minimum of three DMAC 
clock cycles, but need not be synchronous with the DMAC’s 
clock 
PCL As a READY Input 

If the DTYP bits are programmed to be a device with 
READY, the PCL definition is ignored and the PCL line is a 
READY input. The READY is an active low input. 

(4) DONE (DONE) 

This line is an active low Input/Output signal with an open 
drain. It is asserted when the memory transfer count is ex- 
hausted in a single block transfer. In the chaining operation, 
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DONE 1s asserted only at the last transfer to the peripheral 
device of the last data block. In the continue mode, DONE 1s 
asserted for each data block. It 1s asserted and negated 1n coin- 
cident with the ACK line for the last data transfer to the 
penpheral device It is also outputted in coincident with the 
ACK line of the last bus cycle, in which the address is outputted 
from the DAR, in the memory-to-memory transfer (dual 
addressing mode) that uses the ACK line 

The DMAC also monitors the state of the DONE line during 
the DMA bus cycle If the device asserts DONE during ACK 
active, the DMAC will terminate the operation after the transfer 
of the current operand If DONE is asserted on the first byte of 
2 byte operation or the first word of long word operation, the 
DMAC does not termimate the operation before the whole ope- 
rand transfer is completed. If DONE 1s asserted, then the DMAC 
terminates the operation by clearing the ACT bit of the CSR, 
and setting the COC and NDT bits of the CSR If both the 
DMAC and the device assert DONE, the device termination is 
not recognized, but the channel operation does terminate. 
DONE 1s outputted again for the retry exceptions bus cycles 
(5) Data Transfer Complete (DTC) 

DTC is an active low signal which 1s asserted when the actual 
data transfer 1s accomplished It is also asserted in the bus cycle 
which read a chain information from memory 1n the Chaining 
mode However, if exceptions are generated and the DMA bus 
cycle terminates, DTC 1s not asserted DTC 1s asserted one half 
clock before LDS and UDS are negated, and negated one half 
clock after LDS and UDS are negated. 























@ Requests 

Requests may be externally generated by circuitry in the 
peripheral device, or internally generated by the auto-request 
mechanism. The REQG bits of the OCR determine these modes 
The DMAC also supports an operation in which the DMAC 
auto-requests the first transfer and then wait for the peripheral 
device to request the following transfers. 
(1) Auto-request Transfers 

The auto-request mechanism provides generation of requests 
within the DMAC. These requests can be generated at either of 
two rates maximum-rate and limited-rate. In the former case, 
the channel always has a request pending. 

The limited rate auto-request functions by monitoring the 
bus utilization 


Limited-rate Auto-request 


TIME > 
Previous Current Next 
Sample Interval Sample Interval Sample interval 









LRAR 


Interval 


Figure 14 DMAC Sample Intervals 


In the limited-rate auto-request the DMAC devides time into 
equal length sample intervals by counting clock cycles The end 
of one sample interval makes the beginning of the next. During 
a sample interval, the DMAC monitors by means of BGACK pin 
the system bus activity of the DMAC and other bus master 
devices. At the end of the sample interval, decision is made 
whether or not to perform the channel’s data transfer during 
the next sample interval. Namely, based on the activity of 
the DMAC or other bus master devices during the current 
sample interval, the DMAC allows limited-rate auto-requests for 
some initial portion of the next sample interval. 

The length of the sample interval, and the portion of the 
sample interval during which limited-rate auto-requests can be 
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made (the limited-rate auto-request interval) are controlled by 
the BT and BR bits in the GCR. The length in clock cycles of 
the limited-rate auto-request interval is 2(BT +4) (2 raised to the BT +4 
power). For example, if BT equals 2 and the DMA utiliza- 
tion of the bus was low during the previous sample interval, 
then the DMAC generates the auto-request transfers during the 
first 64 clock cycles. 

The ratio of the length of the sample interval to the length 
of the limited-rate auto-request interval is controlled by the BR 
bits. The ratio of the system bus utilization of the MPU to 
other bus master devices including the DMAC 1s 2(BR+ 1) (2 raised to 
the BR+1 power). If the fraction of DMA clock cycles during the 
sample interval exceeds the programmed utilization level, the DMAC 
will not allow limited-rate auto-requests during the next sample 
interval. 

For example, if BR equals 3, then at most one out of 16 
clock cycles during a sample interval can be used by the DMAC 
and other bus master devices, and still the DMAC would allow 
limited rate auto-request during the next sample interval. 
Therefore, from the viewpoint of long period, the ratio of the 
system bus utilization of the MPU to I/O devices including the 
DMAC 1s about 16.1. The sample interval length is not a direct 
parameter, but it 1s equal to 2(BT+BR+5) clock cycles. Thus, the 
sample interval can be programmed between 32 and 2048 clock 


CLK 


cycles. 

The DMAC uses the BGACK to differentiate between the 
MPU bus cycle and DMAC or other bus master devices. If 
BGACK is active, then the DMAC assumes that the bus is used 
by a DMAC or other bus master devices. If it is inactive, then 
the DMAC assumes that it 1s used by the MPU. 

Maximum-rate Auto-request 

If the REQG bits in the OCR indicate auto-request at the 
maximum rate, the DMAC acquires the bus after the start bit is 
set and keeps it until the data transfer is completed. 

If a request is made by another channel of higher priority, 
the DMAC services that channel and then resumes the auto- 
request sequence. If two or more channels are set to equal 
priority level and maximum rate auto-request, then the channels 
will rotate in a “round robbin” fashion. 

If the HD68000 compatible device is connected to a channel, the 
ACK line 1s held inactive during an auto-request operation. Conse- 
quently, any channel may be used for the memory-to-memory trans- 
fer with the auto-request function 1n addition to the operation of data 
transfer between memory and peripheral device with using the REQ 
pin. Refer to Figure 15 for the timing of the memory-to-memory 
transfer. In this mode, the ACK, HIBYTE and DONE outputs are 
always inactive. 
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(2) External Requests 

If the REQG bits of the OCR indicate that the REQ line 
generates requests, the transfer requests are generated exter- 
nally. The request line associated with each channel allows the 
device to externally generate requests for DMA transfers When 
the device wants an operand transferred, it makes a request by 
asserting the request line The external request mode 1s deter- 
mined by the XRM bits of the DCR, which allows both burst 
and cycle steal request modes. The burst request mode allows a 
channel to request the transfer of multiple operands using 
consecutive bus cycles The cycle steal request mode allows 
a channel to request the transfer of a single opeiand. The 
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followings are the descnption of the burst and the cycle steal 
modes 
Burst Request Recognition 

In the burst request mode, the REQ line 1s an active low 
input. The level sampled at the rising edge of the clock. Once 
the burst request 1s asserted, 1t needs to be held low until the 
first DMA bus cycle starts in order to insure at least one data 
transfe1 operation In order to stop the burst mode transfer 
after the current bus cycle, the REQ line has to be negated 
one clock before the DTC output clock of this cycle Refer to 
Figure 16 or the burst mode timing. 
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Figure 16 Burst Mode Request Timing 
(Only one channel is active) 


Cycle Steal Request Recognition 

In the cycle steal request mode, the peripheral device re- 
quests the DMA transfer by generating an falling edge at the 
REQ line The REQ line needs to be held “low” for at least 2 
clock cycles In the cycle steal mode, if the REQ line changes 
from “High” to ““Low” between ACK output and one clock be- 
fore the clock that outputs DTC, then the next DMA transfer 
is performed without relinquishing the bus If the bus 1s not 
relinquished, then maximum of 5 idle clocks 1s inserted between 
bus cycles. Refer to Figure 17 for the request timing of the 
cycle steal mode. If the XRM bits specify cycle steal with- 
out hold, the DMAC will relinquish the bus. If the XRM bits 
specify cycle steal with hold, the DMAC will retain ownership. 
The bus is not given up for arbitration until the channel opera- 
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tion terminates or until the device pauses. The device is deter- 
mined to have paused if it does not make any requests during 
the next full sample interval The sample interval counter is free 
running and is not 1eset or modified by this mode of operation 
The sample interval counter is the same counter that is used for 
Limited Rate Auto Request and is programmed via the GCR. 
Figure 18 shows the request timing in the cycle steal bus 
hold If the REQ 1s inputted during the hold time, the ACK 
is outputted after a maximum of 7.5 clock cycles from the 
picked-up clock. On the cycle steal with hold mode, the DMAC 
will hold the bus even when the transfer count is exhausted and 
the last data has been transferred If DMA transfer is requested 
from other channels during this period, they are executed 
normally. 
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Figure 18 Cycle Steal Bus Hold Mode Request Timing 


Request Recognition in Dual-address Transfers 

In a following section dual-address transfers are defined. Dual 
address transfer 1s an exception to the request recognition rules 
in the previous paragraphs. In the cycle steal request mode, 
when there are two or more than transfers between the DMAC 
and the peripheral device during one operand transfer, the re- 
quest is not recognized until the last transfer between the 
DMAC and the I/O device starts. 
(3) Mixed Request Generation 

A single channel can mix the two request generation 
methods. By programming the REQG bits of the OCR to “11”, 
when the channel is started, the DMAC auto-requests the first 
transfer. Subsequent requests are then generated externally by 
the device. The ACK and PCL lines perform their normal func- 
tions in this operation. 


@ Data Transfers 

All DMAC data transfers are assumed to be between memory 
and the peripheral device. The word ‘“‘memory” means a 16-bit 
HD68000 bus compatible device. By programming the DCR, the 
characteristics of the peripheral device may be assigned. Each chan- 
nel can communicate using any of the following protocols 


DTYP Device Type 
00 HD68000 compatible device 
01 HD6800 compatible device 
10 Device with ACK 
11 Device with ACK and READY 


; Dual Addressing 


Single Addressing 


(1) Dual Addressing 

HD68000 and HD6800 compatible devices may be explicitly ad- 
dressed. This means that before the peripheral transfers data, a data 
register within the device must be addressed. Because the address bus 
is used to address the peripheral, the data cannot be directly transfer- 
red to/from the memory because the memory also requires address- 
ing. Instead, the data is transferred from the source to the DMAC and 
held in an internal DMAC holding register. A second bus transfer 
between the DMAC and the destination is then required to complete 
the operation Because both the source and destination of the transfer 
are explicitly addressed, this protocol 1s called dual-addressed. 


HD68000 Compatible Device Transfers 

In this operation, when a request is received, the bus 1s 
obtained and the transfer is completed using the protocol as 
shown in Figures 19 and 20 Figures 21 through 24 show the 
transfer timings. Figure 21 and 24 show the operation when 
the memory 1s the source and the peripheral device is the desti- 
nation. Figures 22 and 23 show the transfer in the opposite 
direction The peripheral device 1s a 16-bit device in Figures 21 
and 22, and a 8-bit device in Figures 23 and 24. 
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HD6800 Compatible Device Transfers 


When a channel 1s programmed to perform HD6800 compatible illustrates this protocol Refer to Figure 26 for the read cycle timing 
transfers, the PCL line for that channel is defined as an Enable clock and Figure 27 for the write cycle timing. In Figure 26, the DMAC 
input. The DMAC performs data transfers between itself and the latches the data at the falling edge of clock 19, so a latch to hold the 
peripheral device using the HD6800 bus protocol, with the ACK data is necessary as shown in Figure 47. 
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Figure 25 HD6800 Cycle Flowchart 
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(2) Single Addressing Mode 

Implicitly addressed devices are peripheral devices selected 
not by address but by ACK They do not require addressing of 
data register durng data transfer Transfers between memory 
and these devices are controlled by the request/acknowledge 
protocol. Such peripherals require only one bus cycle to transfer 
data, and the DMAC internal holding register 1s not used. Be- 
cause only the memory 1s addressed during a data transfer and a 
transfer done in only on bus cycle, this protocol 1s called 
single-address. 
Device with ACK Transfers 

Under this protocol, the communication between peripheral 
device and the DMAC 1s performed with a two signal REQ/ACK 
handshake When a request 1s generated using the request 
method programmed in the DMAC’s internal control registers, 
the DMAC obtains the bus and responds with ACK. The DMAC 
asserts all the bus control signals required for the memory access. 
Refer to Figure 28 for the flowchart of the data transfer from 
memory to the device with ACK. Figure 29 shows the flowchart 
of the data transfer from the device with ACK to memory. 
When a request is generated using the request method pro- 
grammed in the control registers, the DMAC obtains the bus and 
responds with acknowledge The DMAC asserts all HD68000 bus 
control signals needed for the transfer. When the DMAC 
accepts DTACK from memory, it asserts DTC and informs the 

















peripheral device of the transfer termination. Figure 30 and 31 
show the transfer timings of the device with ACK the port size 
for the former figure is 8-bit and the latter is 16-bit respectively. 

When the transfer is from memory to a device, data 1s valid 
when DTACK 1s asserted and remains valid until the data 
strobes are negated The assertion of DTC from the DMAC may 
be used to latch the data. 

When the transfer 1s from device to memory, data must be valid on 
the HD68000 bus before the DMAC asserts the data strobes. The data 
strobes are asserted one clock period after ACK 1s asserted. When the 
DMAC obtains the bus and starts a DMA cycle, the tri-state of the 
OWN line 1s cancelled a half clock earlier than other control lines. If 
the DMA Cycle terminates and the DMAC relinquishes the bus, all 
the control signals get tri-stated a half clock before OWN. The DDIR 
and DBEN lines are not asserted 1n the single addressing mode. Four 
clocks cycle 1s the smallest bus cycle for the transfer from memory to 
device. Five clocks cycle 1s the smallest bus cycle for the transfer 
from device to memory If the device port size 1s 8-bit, either LDS or 
UDS 1s asserted. In the single addressing mode, A,-A,, are outputted 
for only one and a half clock from the beginning of the DMA bus 
cycle. Therefore A, through A,, needs to be latched externally just 
like in the dual addressing mode. 
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DMAC Memory ACK Device 


Address Memory 
1) Set RAW to Read 
2) Place Address on A, ~ Aas 
3) Place Function Codes on FCy ~ FC, 
4) Assert Address Strobe (AS) 
5) Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 
Assert Acknowledge (ACK) 


ee 


resent Data 
1) Decode Address 
2) Place Data on Dy ~ Dis 
3) Assert Data Transfer Acknowledge 
(DTACK) 





6 


— 


Acquire Data 
1) Load Data 


880 eS 


Terminate Transfer 


1) Assert Device Transfer Complete 
(DTC) 

2) Negate UDS and LDS 

3) Negate AS, ACK and DT 











Terminate Cycle 
1) Negate DTACK 


Start Next Mo, 


Figure 28 Word from Memory to Device with ACK 





DMAC Memory ACK Device 


Address Memory 
1) Place Address on A, ~ A23 
2) Place Function Codes on FCo ~ FC, 
3) Assert Address Strobe (AS) 
4) SetRWtoWrt® 
5) Assert Acknowledge (ACK) 


Present Data 
1) Place Dataon Do ~ Dis 


Saaneereeee renee oe eee nearer eenesenenaa 


Enable Data 


1) Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 


Accept Data 
1) Decode Address 
2) Load Data 
3) Assert Data Transfer Acknowledge 
(DTACK) 


Terminate Transfer 
1) Assert Device Transfer Complete (DTC) 
2) Negate UDS and LDS 
3) Negate AS, ACK and DTC 








Terminate Cycle 
1) Negate DTACK 


Start Next Cycle 


Figure 29 Word from Device with ACK to Memory 
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Figure 30 Single Addressing Mode with 16-Bit Devices as 
Source and Destination (Read-Write Cycles) 
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Figure 31 Single Addressing Mode with 8-Bit Device as 
Source and Destination (Read-Write Cycles) 
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Device with ACK and READY Transfers 

Under this protocol, the communication between peripheral 
device and the DMAC is performed using a three signal 
REQ/ACK/READY handshake. The READY input to the 
DMAC 1s provided by the PCL line. The READY line is active 
low. When a request is generated using the request method 
programmed in the control registers, the DMAC obtains the bus 
and asserts ACK to notify the device that the transfer is to take 
place. The DMAC waits for READY (PCL input), which is a 
response from the device, in addition to DTACK which is a 
response from memory. 

When the DMAC accepts both signals, it terminates the trans- 
fer. Refer to Figures 33 and 34 for the flowcharts of the data 
transfer between memory and the device with ACK and 
READY. Refer to Figure 35 for the transfer timing of the 8-bit 
device. When the data transfer is from memory to a device, data 
is valid from the assertion of DTACK to the negation of LDS 
and UDS. DTC 1s asserted a half clock before LDS and UDS are 
negated, so this line may be used for latching the data by the 
peripheral device. In this case, READY (PCL input) indicates 
that the device has received the data. Both DIACK and READY 
(PCL input) signals are needed for terminating the DMA cycle. 

When the data transfer is from the device to memory, data 
must be valid on the bus before the DMAC asserts LDS and 
UDS. Therefore, READY (PCL input) is used as the signal to 
indicate that the peripheral device has outputted the data on the 
bus. When the DMAC detects PCL (READY input), then it 














DMAC 


Address Memory 
1) Set R/W to Read 
2) Place Address on A, ~ Aas 
3) Place Function Codes on FC, ~ FC, 
4) Assert Address Strobe (AS) __ 
5) Assert Upper Data Strobe (UDS) 
and Lower Data Strobe (LDS) 


6) Assert Acknowledge (ACK) 


— 





asserts LDS and UDS. After asserting LDS and UDS, the DMAC 
terminates the cycle when DTACK signal from the memory is 
detected. 

When Array Chain or Link Array Chain is set in Device with 
ACK and READY Transfer mode, READY input 1s also neces- 
sary during DMA bus cycles for reading the chain information 
from memory. The circuit as shown in Figure 32 may be used 
in order to generate READY input when reading the chain 
information from memory. 








Figure 32 READY Circuit When Array or Link Array 





Chain ts set for Device with ACK and READY 


Memory ACK and READY Device 


Ly 


Present Data 


1) Decode Address 
2) Place Data on Dp ~ Dis 
3) Assert Data Transfer 


Acknowledge (DTACK) 


Acquire Data 


1) Load Data 
2) Assert READY 


Terminate Transfer 


1) Assert Device Transfer Complete 
(DTC) 

2) Negate UDS and LDS 

3) Negate AS, ACK and DTC 








Terminate Cycle 


1) Negate DTACK 


Start Next Cycle 


Figure 33 Word from Memory to Device with ACK and READY 
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DMAC Memory ACK and READY Device 


Address Memory 


1) Place Address on A, ~ Aa3 

2) Place Function Codes on FCy ~ FC, 
3) Assert Address Strobe (AS) 

4) Set R/W to Write 

5) Assert Acknowledge (ACK) 


ib Data 


1) Place Data on Dy ~ D,, 
2) Assert READY 


ee 


Enable Data 
1) Assert Upper Data Strobe (UDS) 


and Lower Data Strobe (LDS) 


nent Data 


1) Decode Address 

2) Load Data 

3) Assert Data Transfer 
Acknowledge (DTACK) 


> 


Terminate Transfer 


1) Assert Device Transfer Complete 
(DTC) 

2) Negate UDS and LDS 

3) Negate AS, ACK and DTC 


Terminate i a 


1) Negate DTACK 


aaa 


Start Next Cycle 


Figure 34 Word from Device with ACK and READY to Memory 
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Figure 35 Single Addressing Mode with 8-Bit Devices as Source and 
Destination with PCL Used as a READY Input (Read-Write Cycles) 
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Operands and Addressing 
Three factors enter into how the actual data is handled: 
port size, operand size and address sequencing. 


Port Size 
The DCR is used to program the device port size. 


DPS ___ Device Port Size 
O 8 bit port 
1 16 bit port 


The port size is the number of bits of data which the device 
can transfer in a single bus cycle During a DMAC bus cycle, 
a 16-bit port transfers 16 bits of data on Dp ~ Dy5, while an 
8-bit port transfers 8 bits of data, either on Dy ~ D7 or on Dg 
~D,5 The memory is always assumed to have a port size of 16 


Operand Size 
OCR 1s used to program the operand size. 





SIZE Operand Size 
00 Byte 
01 Word 
10 Long word 
11 (undefined, reserved) 


The operand size 1s the number of bits of data to be trans- 
ferred to honor a single request Multiple bus cycles may be 
required to transfer the operand through the device port. A 
byte operand consists of 8 bits of data, a word operand consists 
of 16 bits of data, a long word operand consists of 32 bits of 
data. The transfer counter counts the number of operands 
transferred 

Table 2 indicates the combinations supported by the DMAC 
about the peripheral devices with different port size and 
operand sizes in the single and dual addressing mode. In the 
single addressing mode, port size and operand size must be the 
same In the dual addressing mode, byte operand cannot be used 
when the port size is sixteen and the REQG bit is 10 or 11. 


Table 2 Operation Combinations 









Addressing 


68000, 6800 8 











Dual 68000, 6800 
Dual 68000, 6800 
Single with ACK or 





ACK & READY 
O;enable X ; disable 


(3) Address Sequencing 
The sequence of addresses generated depends upon the port 
size, operand size, whether the addresses are to count up, down 
or not change and whether the transfer is executed in the single 
addressing mode or the dual addressing mode. The memory 
address count method and the perpheral device address count 
method is programmed using the Memory address count (MAC) 
bit and the Device address count (DAC) bit in the Sequence 
Control Register (SCR). 
(1) Single addressing mode 
In the single addressing mode, memory address sequenc- 


16 O 
16 X 
O 











REQG bits 
of OCR 


00,01, 10, 11 
00, 01 
10, 11 


00,01, 10, 11 
00, 01, 10, 11 







x 
X 


X 
O 


ing is shown in Table 3. If the operand size 1s byte, the 
memory address increment is one (1). If the operand 
size is word, the memory address increment 1s two (2). If 
the memory address register does not count, the 
memory address 1s unchanged after the transfer. 

If the memory address counts up, the increment 1s 
added to the memory address, if the memory address 
counts down, the increment is subtracted from the 
memory address. The memory address 1s changed after 
the operand is transferred. 





Table 3 Single Address Sequencing 


Port Size 


: Memory Address Increment 
Operand Size - 
+ (increment) = (unchanged) 


- (decrement) 


8 Byte +1 ~1 
16 Word +2 -2 
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(11) Dual addressing mode 

In the dual addressing mode, the operand size need not 
match the port size Thus the transfer of an operand 
may require several DMA bus cycles. Each DMA bus 
cycle, between memory and DMAC and between DMAC 
and the device, is called the operand part and transfers a 
portion or all of the operand. The addresses of the 
operand parts are in a linear increasing sequence The 
step between the addresses of the operand 1s two. The 
size of the operand parts is the minimum of the port size 
and the operand size The number of the operand part 
1s the operand size divided by the port size In the dual 
addressing mode, memory 1s regarded as a device whose 
port size 1s 16-bits 

If the port size 1s 16 bits, the operand size1s byte, and the 


HD68450 


request generation method 1s auto request or auto request at 
a limited rate, the DMAC packs consecutive transfers This 
means that word transfers are made from the associated address 
with an address increment of two (2) If the initial source ad- 
dress location contains a single byte, the first transfer 1s a byte 
transfer to the internal DMAC holding register, and subsequent 
transfers from the source are word transfers If the initial 
destination location contains a single byte, the first transfer 1s 
a byte transfer from the internal DMAC holding register, and 
any 1emaining byte remains in the holding register. Likewise, 
if either the final source or destination location contains a single 
byte, only a byte transfer is done Packing is not performed 
if the address does not count, each byte 1s transferred by a 
separate access to the same location The dual address sequenc- 
ing 1s shown in Table 4. [See Artention on Usage, Note (4) ] 


Table 4 Dual Address Sequencing 


a! (OO a (OR ae a ERIE 

8 Byte A +2 0 -2 
8 Word A, At+2 +4 0 ~4 
8 Long A, At+2, A+4, At+6 +8 0 ~8 
16 Byte +P 0 -P 
16 Word +2 0 a2 
16 Long +4 0 -4 





P = 1 1f packing ts not done Pack = byte if packing is not done 
= 2 if packing is done = word if packing ts done 


An Example of a Dual Address Transfer 

This section contains an example of a dual address transfer 
using Table 4 of Dual-Address Sequencing The table is repro- 
duced here as Table 5. The transfer mode of this example 1s the 
following 

1 Device Port size = 8 bits 

2 Operand size = Long Word (32 bits) 

3. Memory to Device Transfer 

4. Source (Memory) Counts up, Destination (Device) Counts 

Down 
5 Memory Transfer Counter = 2 





In this mode, a data transfer from the source (memory) 1s 
done according to the 6th row of Table 5, since the port size 
of the memory 1s always 16 bits A data transfer to the destina- 
tion (device) is done according to the 3rd row of Table 5 
Table 6 shows the data transfer sequence 

The memory map of this example 1s shown in Table 7. The 
operand consists of BYTE A through BYTE D in memory 
of Table 7. Prior to the transfer, MAR and DAR are set to 
00000012 and 00000108 respectively. The operand 1s trans- 
ferred to the 8 bit port device according to the order of transfer 
number in Table 6. 


Table 5 Dual-Address Sequencing (Table 4) 


oO d 
Row No. Operand Size Operand Part Addresses 





5 


© 


> 


* Numbers in Table 5 correspond to ones in Table 6 and 7 
** Refer to Address Sequencing on Operand Part Size and PACK. 


BYTE BYTE 
WORD BYTE 
LONG BYTE, AA Ais ANS 
BYTE PACK acre 
or WORD)** 
WORD WORD 
LONG WORD A, At+2 +4 
“2 *1 *6 *9 


= ee Increment 





ae 2 
8 -8 

*10 

i 
ae fe 
a ° 
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Table 6 An Example of a Data Transfer for One Operand 


SRC: Source (Memory), DST Destination (Device), HR: Holding Register (DMAC Internal Reg.) 


DMAC aR after Transfer 
cs Data Transfer ose Data Size 
urput_| onus [MAR 


00000108 


00000014 


-_ 


NO 


RC > HR 


0000001 . WOR 
000001 ee a 


000001 nae BYTE | 


000001 oe ote 
000001 a BYTE 


HR > DST 


3 HR > DST 


4 SRC > HR 


5 HR > DST 


HR > DST 


6’ 


oO 


00000014 


00000014 


0000001 Co 


0000001 - 


00000016 


00000016 


Comment 


Initial Register Setting 


Higher order 16 bits of operand is 
fetched. 


00000108 


0000010A 





Higher order 16 bits of operand is 
transferred. 





0000010C 
*10 
0000010C Lower order 16 bits of operand is 
fetched 
0000010E 
Lower order 16 bits of operand is 
00000110 transferred. 
*10 


MAR, DAR are pointing the next 
operand addresses when the 
transfer is complete. 


00000110! 


Mode: Port size = 8, Operand size = Long Word, Memory to Device, Source (Memory) Counts Up, Destination (Device) Counts Down 


Table 7 Memory Map for the Example of the Data Transfer 


ADDRESS ADDRESS 
00000010 00000011 
00000012 00000013 
00000014 | 00000015 
00000016 00000017 





Source (Memory) 


®@ Initiation and Control of Channel Operation 
(1) Operation Initiation 

To initiate the operation of a channel the STR bit of the 
CCR is set to start the operation. Setting the STR bit causes 
the immediate activation of the channel, the channel will be 
ready to accept requests immediately. The channel initiates 
the operation by resetting the STR bit and setting the channel 
active bit in the CSR. Any pending requests are cleared, and the 
channel is then ready to receive requests for the new operation. 
If the channel is configured for an illegal operation, the config- 
uration error is signaled, and no channel operation is run. The 
illegal operations include the selection of any of the options 
marked “(undefined, reserved)’. If the MTC is set to zero in any 
operation or BTC is set to zero in the array chaining mode, then 
the count error is signaled and the channel is not activated. The 
channel cannot be started if any of the ACT, COC, BTC, NDT 
or ERR bits is set in the CSR. In this case, the channel signals 
the operation timing error. 
(2) Operation Continuation (Continue Mode) 


va 


ADDRESS 

00000106 00000107 
00000108 00000109 
0000010A 00000108 
0000010C 0000010D 
0000010E 0000010F 
00000110 00000111 





Destination (Device) 


The continue bit (CNT) allows multiple blocks to be trans- 
ferred in unchained operations. The CNT bit is set in order 
to continue the current channel operation. If an attempt is 
made to continue a chained operation, a configuration error 
is signaled. The base address register and base transfer counter 
should have been previously initialized. 

The continue bit may be set as the channel is started or while 
the channel is still active. The operation timing error bit is 
signaled if a continuation is otherwise attempted. 

When the memory transfer counter is exhausted and the con- 
tinue bit of the CCR is set, the DMAC performs a continuation 
of the channel operation. The base address, base function code, 
and base transfer count registers are copied into the memory 
address, memory function code, and memory transfer count 
registers. The block transfer complete (BTC) bit of the CSR 
is set, the continue bit is reset, and the channel begins a new 
block transfer. If the memory transfer counter is loaded with 
a terminal count, the count error is signaled. 

(3) Operation Halting (Halt) 
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The CCR has a halt bit which allows suspension of the opera- 
tion of the channel If this bit is set, a request may still be 
generated and recognized, but the DMAC does not attempt to 
acquire the bus or to make transfers for the halted channel. 
When this bit is reset, the channel resumes operation and serv- 
ices any request that may have been received while the channel 
was halted However, in the burst request mode, the transfer 
request should be kept asserted until the initiation of the first 
transfer after clearing the halt bit 
(4) Operation Abort by Software (Software Abort) 

Setting the software abort bit (SAB) in the CCR allows the 
current Operation of the channel to be aborted In this case, the 
ERR bit and the COC bit in the CSR are set and the ACT bit 1s 
reset The error code for the software abort 1s set in the CER. 
The SAB bit 1s designed to be reset if the ERR bit 1s reset When 
the CCR 1s read, the SAB always reads as zero(0) 

(5) Interrupt Enable 

The CCR has an interrupt enable bit (INT) which allows the 
channel to request interrupts. If INT 1s set, the channel can 
request interrupts. If it is clear, the channel will not request 
interrupts 


@ Channel Operation Termination 

As part of the transfer of an operand, the DMAC decrements 
the memory transfer counter (MTC). If the chaining mode is 
not used and the CNT bit 1s not set or the last block 1s trans- 
ferred in the chaining mode, the opeiation of the channel 1s 
complete when the last operand transfer 1s completed and the 
MTC 1s zero The DMAC notifies the peripheral device of the 
channel completion via the DONE output. 

However, in the continue mode, DONE 1s outputted at the 
termination of every data block transfer When the channel 
operation has been completed, the ACT bit of the CSR 1s 
cleared, and the COC bit of the CSR is set. 

The occurrence of errors, such as the bus error, during 
the DMA bus cycle also terminates the channel operation In 
this case, the ACT bit in the CSR 1s cleared, the ERR and the 
COC bits are set, and at the same time the code corresponding 
to the error that occurred is set in the CER. ‘ 

(1) Channel Status Register (CSR) 

The channel status register contains the status of the channel 
The register, except for ACT and PCS bits, is cleared by writing 
a one (1) into each bit of the register to be cleared Those bits 
positions which contain a zero (0) in the wmite data remain un- 
affected ACT and PCS bits are unaffected by the write opera- 
tion 
coc 

The channel operation complete (COC) bit 1s set if the 
channel operation has completed The COC bit must be cleared 
in order to start another channel operation The COC bit 1s 
cleared only by writing a one to this bit or resetting the DMAC. 
PCS 

The peripheral status (PCS) bit reflects the level of the PCL 
line regardless of its programmed function If PCL 1s at “High” 
level, the PCB bit reads as one. If PCL is at “Low” level, the 
PCS bit reads as zero. The PCS bit is unaffected by wniting to 
the CSR. 

PCT 

The peripheral control transition (PCT) bit 1s set, if a falling 
edge transition has occurred on the PCL line (The PCL line 
must remain at “low” level for at least two clock cycles.) The 
PCT bit is cleared by writing a one to this bit or resetting the 
DMAC. 

BTC 
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Block transfer complete (BTC) bit 1s set when the continue 
(CNT) bit of CCR 1s set and the memory transfer counter 
(MTC) 1s exhausted The BTC bit must be cleared before the 
another continuation 1s attempted (namely, setting the CNT bit 
again), otherwise an operation timing error occurs The BTC bit 
is cleared by writing a one to this bit or resetting the DMAC. 
NDT 

Normal device termination (NDT) bit is set when the 
peripheral device terminates the channel operation by asserting 
the DONE line while the peripheral device was being acknowl- 
edged. The NDT bit is cleared by wnting a one to this bit or re- 
setting the DMAC 
ERR 

Error (ERR) bit 1s set 1f any errors have been signaled When 
the ERR bit is set, the code corresponding to the kind of the 
error that occurred is set in the CER The ERR bit is cleared by 
writing a one to this bit or resetting the DMAC. 

ACT 

The active (ACT) bit is asserted after the STR bit has been 
set and the channel operation has started This bit 1s remains set 
until the channel operation is terminated The ACT bit is un- 
affected by write operations This bit is cleared by the term:- 
nation of the channel or resetting the DMAC. 

(2) Interrupts 

The DMAC can signal the termination of the channel opera- 
tion by generating an interrupt request. The INT bit of the CCR 
determines if an interrupt can be generated. The interrupt 
request 1s generated by the following condition. 

@ INT=1 

and 
@) COC = 1 or BTC = 1 or ERR= 1 or NDT = 1 or PCT= 1 
(the PCL line is an interrupt input) 
This may be represented as 
IRQ =INT: (COC + BTC + ERR + NDT + PCT*) 
(*PCL line is programmed as an interrupt input.) 
When the IRQ line 1s asserted, changing the INT bit from one 
to zero to one will cause the IRQ output to change from “low” 
to “high” to “low” again. The IRQ should be negated by 
clearing the COC, the BTC, the ERR, the NDT and the PCT 
bits. 

If the DMAC receives IACK from the MPU during asserting 
the IRQ, the DMAC provides an interrupt vector. If multiple 
channels have interrupt requests, the determination of which 
channel presents its interrupt vector is made using the same 
priority scheme defined for the channel operations. 

The bus cycle in which the DMAC provides the interrupt 
vector when receiving an IACK from the MPU is called the 
interrupt acknowledge cycle. The interrupt vector returned to 
the MPU comes from either the normal or the error interrupt 
vector register. The normal interrupt register is used unless the 
ERR bit of CSR 1s set, in which case the error interrupt vector 
register is used. The content of the interrupt vector register is 
placed on Do~ D,, and DTACK is asserted to indicate that the 
vector is on the data bus. If a reset occurs, all interrupt vector 
registers are set to $OF (binary 00001111), the value of the 
uninitialized interrupt vector. The timing of the interrupt 
acknowledge cycle is shown in Figure 36. The HD68000 MPU 
outputs the interrupt level into A,-A3 and A4-A, is held “high” 
during the interrupt acknowledge cycle, but the HD68450 
DMAC ignores these signals. 
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Figure 36 MPU IACK Cycle to DMAC 


(3) Multiple Data Block Transfer Operation 

When the memory transfer counter (MTC) is exhausted, the 
channel operation still continues if the channel is set to the 
array chaining mode or the linked array chaining mode and the 
chain is not exhausted. The channel operation also containes 
if the continue bit (CNT) of the CCR is set. The DMAC provides 
the initialization of the memory address register and the 
memory transfer counter in these cases so that the DMAC can 
transfer the multiple blocks. 
Continued Operation 

The continued operation is described in the Initiation and 
the Control of the Channel Operation section. 
Array Chaining 

This type of chaining uses an array in memory consisting of 
memory addresses and transfer counts. Each entry in the array 
is six bytes long and, consists of four bytes of address followed 
by two bytes of transfer count. The beginning address of this 
array is in the base address register, and the number of entries in 
the array is in the base transfer counter. Before starting any 
block transfers, the DMAC fetches the entry currently pointed 


to by the base address register. The address information is 
placed in the memory address register, and the count informa- 
tion is placed in the memory transfer counter. As each chaining 
entry is fetched, the base transfer counter is decremented by 
one. After the chaining entry is fetched, the base address 
register is incremented to point the next entry. When the 
base transfer counter reaches a terminal count of zero, the chain 
is exhausted, and the entry just fetched determines the last 
block of the channel operation. 

An example of the array chaining mode operation and the 
memory format for supporting for array chaining is shown 
in Figure 37. The array must start at an even address, or the 
entry fetch results is an address error. If a terminal count is 
loaded into the memory transfer counter or the base transfer 
counter, the count error is signaled. Since the base registers may 
be read by the MPU, appropriate error recovery information is 
available should the DMAC encounter an error anywhere in the 
chain. Contents of the BFC is outputted as the function code 
when the DMAC is accessing the memory using the base address 
register. The value of the function code registers are unchanged 
in the array chaining operation. 
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Figure 37 Transfer Example of the Array Chaining Mode 


Linked Array Chaining 

This type of chaining uses a list in memory consisting of 
memory address, transfer counts, and link addresses. Each entry 
in the chain list is ten bytes long, and consists of four bytes of 
memory address, two bytes of transfer count and four bytes of 
link address. The address of the first entry in the list is in the 
base address register, and the base transfer counter is unused. 
Before starting any block transfers, the DMAC fetches the 
entry currently pointed to by the base address register. The 
address information is placed in the memory address register, 
the count information is placed in the memory transfer counter, 


and the link address replaces the current contents of the base 
address register. The channel then begins a new block transfer. 
As each chaining entry is fetched, the update base address 
register is examined for the terminal link which has all 32 bits 
equal to zero. When the new base address is the terminal ad- 
dress, the chain is exhausted, and the entry just fetched deter- 
mines the last block of the channel operation. 

An example of the linked array chaining mode operation and 
the memory format for supporting it is shown is Figure 38. 

In Figure 38, the DMAC transfers data blocks in the order of 
Block A, Block B, and Block C. In the linked array chaining 
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Figure 38 Transfer Example of the Linked Array Chaining Mode 
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mode, the BTC 1s not used. When the DMAC refers to the linked 
array table, the value of the BFC 1s outputted as the function 
code. The values of the function code registers are unchanged 
by the linked array chaining operation. 

This type of chaining allows entnes to be easily removed or 
inserted without having to reorganize data within the chain. 
Since the end of the chain 1s indicated by a terminal link, the 
number of entries in the array need not be specified to the 
DMAC. 

The linked array table must start at an even address in the 
linked array chaining mode. Starting the table at an odd address 
results in an address error. If ‘‘0”’ 1s initially loaded to the 
MTC, the count error is signaled. Because the MPU can read 
all of the DMAC registers, all necessary error recovery informa- 
tion 1s available to the operating system. 

The comparision of both chaining modes 1s shown in Table 8. 


Table 8 Chaining Mode Address/Count Information 
Base Address Base Transfer 
Register Counter 

number of data 
eee blocks being 
nay transferred 
address of the 
linked array 
table 


(4) Bus Exception Conditions 

The DMAC has three lines for inputting bus exception condi- 
tions called BEC), BEC, , and BEC,. The priority encoder can 
be used to generate these signals externally. These lines are 
encoded as shown in Table 9. 
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HD68450 


In order to guarantee, reliable decoding, the DMAC verifies that 
the incoming code has been statable for two DMAC clock cycles 
before acting on it. The DMAC picks up BEC)-BEC, at the 
rising edge of the clock If BEC -BEC, is asserted to the un- 
defined code, the operation of the DMAC does not proceed. 
For example, when the DMAC 1s waiting for DTACK, inputting 
DTACK does not result in the termination of the cycle if BECg- 
BEC, is asserted to the undefined code. In addition, when the 
transfer request is received, BR is not asserted if the BECo- 
BEC, is not set to no exception condition 

If exception condition, except for HALT, is inputted during 
the DMA bus cycle prior to, or in coincidence with DTACK, 
the DMAC terminates the current channel operation immediate- 
ly. Here coincident means meeting the same set up require- 
ments for the same sampling edge of the clock. If a bus excep- 
tion condition exists, the DMAC does not generate any bus 
cycles until it is removed. However, the DMAC still recognizes 
requests. 


























Halt 

The timing diagram of halt is shown in Figure 39. This 
diagram shows halt being generated during a read cycle from the 
68000 compatible device in the dual addressing mode. If the 
halt exception is asserted during a DMA bus cycle, the DMAC 
does not terminate the bus cycle immediately. The DMAC 
waits for the assertion of DTACK before terminating the 
bus cycle so that the bus cycle 1s completed normally. In 
the halted state, the DMAC puts all the control signals to high 
impedance and relinquishes the bus to the MPU. The DMAC 
does not output the BR until halt exception is negated. When 
halt exception 1s negated, the DMAC acquires the bus again and 
proceeds the DMA operation. In order to insure a halt excep- 
tion operation, the BEC lines must be set to halt at least until 
the assertion of DTC. 

If the DMAC has the bus, but is not executing any bus 
cycle, the DMAC relinquishes the bus as soon as halt exception 
1s asserted. 


© HITACHI 


Hitachi America Ltd. © 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


393 





HD68450 

















12 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3031 32 33 





123 4 5 6 7 8 9 1011121314 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


Other Bus Master 
Read Write ewer oes 
d to Memory 
———— _ Halt Asserted =} DMA Halted j}-————-_ DMA cycle 


an 
from Device Rearbitration 


* BEC, ~ BEC, = (011) 
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Figure 39 Halt Operation 


The bus error exception is generated by external circuitry 
to indicate the current transfer cannot be successfully com- 
pleted and is to be aborted. The recognition of this exception 
during a DMAC bus cycle signals the internal bus error con- 
dition for the channel for which the current bus cycle is being 
run. As soon as the DMAC recognizes the bus error exception, 
the DMAC immediately terminates the bus cycle and proceeds 
to the error recovery cycle. In this cycle, the DMAC adjusts the 


values of the MAR, the DAR, the MTC and the BTC to the 
values when the bus error exception occurred. 25 clocks are 
required for the error recovery cycle in the single addressing 
mode and in the read cycle of the dual addressing mode. 29 
clocks are required in the write cycle of the dual addressing 
mode. If the DMAC does not have any transfer request in the 
other channels after the error recovery cycle, the DMAC relin- 
quishes the bus. 
The diagram of the bus error timing 1s shown in Figure 40. 
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*** The DMAC keeps the bus because the other channels have requests pending. If other channels 
do not have requests, the DMAC relinquishes the bus after the error recovery cycle. 


Figure 40 Bus Error Operation 


Retry moved, and thus will not honor any requests until it 1s removed. 
The retry exception causes the DMAC to terminate the However, the DMAC still recognizes requests. The retry timing 
present operation and retry that operation when retry is re- is shown in Figure 41. 


© HITACHI 
Hitachi America Ltd. © 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 395 


HD68450 








DTACK II ALAA YZ? \ tL] 





123 4 5 6 7 8 9 101112131415 1617 18 19 2021 22 23 24 25 2627 28 29 30 31 
—_—+|-——— Wnite to Device Retry Asserted ——__—__—_-+|+-——. write Cycle Retry ———-+-——_- 
* BECo-BEC, = (001) 


Figure 41 Retry Operation 


Relinquish and Retry (R&R) the previous operation. 
The relinquish and retry exception causes the DMAC to The diagram of the relinquish and retry taming 1s shown in 
relinquish the bus and three-state all bus master controls and Figure 42. 


when the exception is removed, rearbitrate for the bus to retry 
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Figure 42 Relinquish and Retry Operation 


Reset 
The reset provides a means of resetting and initializing the 
DMAC. If the DMAC is bus master when the reset is asserted, 
the DMAC relinquishes the bus Reset clears GCR, DCR, OCR, 
SCR, CCR, CSR, CPR, and CER for all channels. The NIV and 
the EIV are all set to (OF),¢, which is the uninitialized interrupt 
vector number for the HD68000 MPU. MTC, MAR, DAR, BTC, 
BAR, MFC, DFC, and BFC are not affected. In order to insure a 
reset, BECyg ~ BEC, must be kept at “Low” level for at least 
ten clocks 
(5) Error Conditions 
When an error is signaled on a channel, all activity on that 
channel is stopped. The ACT bit of the CSR 1s cleared, and the 
COC bit is set. The ERR bit of the CSR 1s set, and the error 
code is indicated in the CER All pending operations are cleared, 
so that both the STR and CNT bits of CCR are cleared. 
Enumerated below are the error signals and their sources. 
(a) Configuration Error — This error occurs if the STR bit is 
set in the following cases. 
(i) the CNT bit is set at the same time STR bit in the 
chaining mode. 
(ii) DTYP specifies a single addressing mode, and the 
device port size is not the same as the operand size. 








(b) 


(c) 


(d) 


(iii) DTYP specifies a dual addressing mode, DPS is 16 
bits, SIZE is 8 bits and REQG is “10” or “11”. 

(iv) an undefined configuration is set in the registers. 
The undefined configurations are. XRM = 01, MAC 
= 11, DAC = 11, CHAIN = 01, and SIZE = 11. 

Operation Timing Error — An operation timing error 

occurs in the following cases: 

(i) when the CNT bit is set after the ACT bit has been 
set by the DMAC in the chaining mode, or when 
the STR and the ACT bits are not set. 

(ii) the STR bit is set when ACT, COC, BTC, NDT or 
ERR is set 

(iii) an attempt to write to the DCR, OCR, SCR, MAR, 
DAR, MTC, MFC, or DFC 1s made when the STR 
bit or the ACT bit is set. 

(iv) an attempt to set the CNT bit is made when the 
BTC and the ACT bits are set. 

Address Error — An address error occurs in the following 

Cases° 

(i) an odd address is set for word or long word 
operands. 

(ii) CS or IACK is asserted during the DMA bus cycle. 

Bus Error — Bus error occurs when a bus error excep- 
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tion is signaled during a DMA bus cycle. 
(e) Count Error — A count error occurs in the following 
cases: 
(i) The STR bit 1s set when zero is set in the MTC 
and the MTC and the chaining mode is not used. 
(ii) the STR bit is set when zero is set in BTC for the 
array chaining mode. 
(1ii) zero is loaded from memory to the BTC or the MTC 
in the chaining modes or the continue mode 
(f) External Abort — External abort occurs if an abort 1s 
asserted by the external circuitry when the PCL line is 
configured as an abort input and the STR or the ACT 
bit 1s set. 
(g) Software abort — Software abort occurs if the SAB bit 
is set when the STR or the ACT bit is set. 


Error Recovery Procedures 

If an error occurs during a DMA transfer, appropriate infor- 
mation 1s available to the operating system (OS) to allow a 
software failure recovery operation. The operating system must 
be able to determine how much data was transferred, where the 
data was transferred to, an what type of error occurred. 

The information available to the operating system consists of 
the present value of the Memory Address, Device Address and 
Base Address Registers, the Memory Transfer and Base Transfer 
Counters, the channel status register, the channel error register, 
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and the channel control register. After the successful comple- 
tion of any transfer, the memory and device address registers 
points to the location of the next operand to be transferred and 
the memory transfer counter contains the number of operands 
yet to be transferred. If an error occurs during a transfer, that 
transfer has not completed and the registers contain the values 
they had before the transfer was attempted. If the channel 
operation uses chaining, the Base Address Register points to the 
next chain entry to be serviced, unless the termination occurred 
while attempting to fetch an entry in the chain. In that case, 
the Base Address Register points to the entry being fetched. 
However, in the case of external abort, there are cases in which 
the previous values are not recovered 


Bus Exception Operating Flow 


The bus exception operating flow in the case of multiple 
exception conditions occurring continuously in sequence is 
shown in Figure 43. Note that the DMAC can receive and exe- 
cute the next exception condition. For example, if the retry 
exception occurs, and next the relinquish and retry exception 
occurs while the DMAC 1s waiting for the retry condition to be 
cleared, the DMAC relinquishes the bus and waits for the 
exception condition to be cleared. If a bus error occurs during 
this period, the DMAC executes the bus error exception 
operation 

The flow diagram of the normal operation without exception 
operation or errors is shown in Figure 44. 
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Figure 43 Bus Exception Flow Diagram 
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Figure 44 Flow of Normal Operation Without Exception 


or Error Condition 


@ Channel Priorities 

Each channel has a priority level, which 1s determined by the 
contents of the Channel Pnority Register (CPR) The priority 
of a channel is a number from 0 to 3, with O being the highest 
priority level. When multiple requests are pending at the DMAC, 
the channel with the highest priority receives first service The 
priority of a channel 1s independent of the device protocol or 


@ APPLICATIONS INFORMATION 


Examples of how to interface HD68450 to a HD68000 based 
system are shown in Figure 45 and Figure 46 

Figure 45 shows an example of how to demultiplex the 
address/data bus. OWN and UAS are used to control 74LS373 
for latching the address DBEN and DDIR are used to control 














HD68450 


the bi-directional buffer 74LS245. 
Figure 46 shows an example of inter-device connection in the 
HD68000 system. 


the request mechanism for that channel. If there are several 
requesting channels at the highest prionty level, a round-robin 
resolution 1s used, that is, as long as these channels continue to 
have requests, the DMAC does operand transfers in rotation 

Resetting the DMAC puts the priority level of all channels 
to “O"’, the highest priority level. 
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Figure 45 An Example of the Demultiplexed Address Data Bus 
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The address bus and the system control bus in each device 
are omitted in this Figure. 


Figure 46 An Example of Inter-device Connection in 
the HD68000 System 
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= ATTENTION ON USAGE 


(1) How to interface various 6800 type peripheral devices to 
the DMAC based system. 
When the DMAC 1s reading data from the 6800 device, the 


68000 Address Bus 
68000 Data Bus 





HD68450 


DMAC latches the data when DTC is asserted and not at the 
falling edge of E clock The 74LS373 need to be provided ex- 
ternally as shown in Figure 47 so that the data from the 6800 
device can be held on the bus for a large period of time until 
the DMAC can latch the correct data. 


6800 Type 


ress | 


Add 


— 
i) 
ne} 
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oO 
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QO 


Bus Control Logic 


Figure 47 An Example of Connection with 6800 type Peripheral Devices 


(channel 2 and 3 are used) 


(2) When “‘external abort’ is inputted during the DONE input 
cycle 

When the transfer direction 1s from the peripheral device to 
memory and PCL signal 1s set to the external abort input mode 
in the dual addressing mode, the external abort will be ignored 
during the subsequent write cycle from the DMAC’s intemal 
holding register to memory if DONE 1s inputted during the read 
cycle from the peripheral device to the DMAC’s internal holding 
register. 

In this case, the channel status register (CSR) and the 
channel error register (CER) show the normal termination 
caused by DONE Input. The user 1s able to examine the PCT 
bit and the ERR bit in order to detect the external abort 
inputted at the timing described above. If PCT = 1, ERR = 0, 
and NDT = 1, then an external abort has occurred. 











(3) Multiple Errors 

The DMAC will log the first error encountered in the channel 
error register (CER) If an error 1s pending im the error register and 
another error 1s encountered the second error will not be logged. 
Even though the second error 1s not logged in the CER, it will 
still be recognized internally and the channel will not start 
(4) Relinquish & Retry Exception During Dual Address Mode 

Operation 

When the following two conditions occur simultaneously, 
incorrect data 1s outputted by the DMAC at the write cycle 
immediately following the negation of the relinquish & retry 
(R&R) exception. 

(a) R&R 1s asserted at the write cycle in the dual address mode. 

(b) MPU access to the DMAC’s internal register is done after the 

DMAC relinquishes the bus due to R&R exception. 
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When the R&R exception occurs during the write cycle of the dual 
addressing mode, and the MPU accesses the DMAC’s register, then 
the DMAC’s proper operation sequence should be the folliwing (refer 
to the Fig. 48): 


(3) R&R Exception 








DMAC 


Internal Register 


(5) MPU (4) Relinquish bus 


access 


(2),(6) 
Data write (1) Data read 


M Peripheral Device 
ene” or Memory 


(1) Data is read by the DMAC during the read cycle 

(2) Data read at (1) 1s outputted at the write cycle 

(3) R&R exception is asserted during the write cycle 

(4) DMAC relinquishes the bus 

(5) MPU accesses the DMAC and it 1s completed normally 

(6) When R&R exception is negated, the DMAC obtains 
the bus and write cycle 1s done to output the data 
read at (1). 

But instead, incorrect data is outputted at (6). This 1s 
because the data read at (1), which 1s held internally by the 
DMAC, 1s destroyed at (5) when the MPU accesses the DMAC. 
Avoid occurance of the above condition. For example: 

(1) Assert R&R exception only during the read cycle when 

using dual addressing mode. 

(2) If the R&R exception occurred at the write cycle of 
the dual addressing mode, avoid accessing the DMAC’s 
registers. 

(3) Use HALT exception instead of R&R exception to 
access the DMAC’s internal registers 

(5) CS Negation Timing 

When the LDS, UDS high to CS high timing (chip select 
negation delay) 1s over 1 clock and the MPU access 1s long 
word (32-bit data), then the data stored in the lower word of 
the register accessed 1s destroyed and becomes all zeros. In 
other words, the data in the lower word of the read access 1s 
lost and cleared to all zeros. This does not always occur, but 
on occasional basis due to the asynchronous input timing of 
the CS signal. 

Please observe the timing specification shown in Fig. 49. 


Fig. 48 


max 1 clk 


DS in “high’’ to CS “high” < 1 clock 


Fig. 49 


(6) Unused Function Code (FC,—FC,) Lines 

When the FC,, FC,, and FC, lines are not used, please keep 
these lines “high” by using a pull-up resistor. If these lines 
are left unconnected, the HD68450 DMAC may not operate 





properly. 
(7) Vss Wiring . 

The use of thick wiring is recommended between Vss of the 
HD68450 and the ground of the circuit board. When a socket is used 
to install the DMAC on the board, please make sure that the contact of 
the Vss pins are made well. 

(8) Bus arbitration—BR Negation on MPU’s CS. 

If the MPU asserts DMAC’s CS when the DMAC has its BR 
asserted, then the DMAC negates its BR. This is shown as 
follows: 


BR asserted and negated without taking the bus 


If HDG8000 Is used, BG 1s 1ssued but no 
bus contention will occur 


(9) BR negation before BGACK assertion 

When the MPU sets the START bit of the DMAC, and a different 
channel 1s already active in the limited-rate auto-request mode, the 
the following bus arbitration timing may occur. 


BR negated before 


= BGACK assertion! 
BR $f 


BG 


ee ee 
BGACK SS Ee ae ee 


cs at: an nnn 
MPU sets DMAC’s START bit during 


this chip select cycle. 





In this timing, the BR is negated too early, e.g. before the 
BGACK is asserted. This will cause bus contention between 
the DMAC and the MPU. For the description of these problems, 
please contact the sales office. 
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HD63463 
HDC (Hard Disk Controller) 


DESCRIPTION 

The HD63463 (HDC: Hard Disk Controller) is a CMOS 
device developed for use as a peripheral LSI for the 16-bit 
microprocessor HD68000 (MPU: Microprocessing Unit). The 
HDC connects the host system and the Winchester type hard 
disk device with or without HD68450 (DMAC: Direct Memory 
Access Controller). 


FEATURES 

@ Two types of disk interface, ST506/ST412/ST412HP and 
SMD 

Choice of data bus width — 16 or 8 bits 

Serial data transfer rate — max 20 Mbit/s [NRZ], max 
10 Mbit/s [MFM] 

Step rate — max 1.1 MHz 

internal data buffer (256 bytes x 2) 

Zero-sector interleave access 

Programmed I/O access 

Automatic error correction 

Zero pattern detector/generator, address mark detector/ 
generator, write precompensation logic, etc internally 
provided 

22 high-level function commands 

25 error codes 

External circuit diagnosis command 

Low power dissipation — typ 250 mW 


HD63463-6 
HD63463-8 


HD63463P6 
HD63463R8 


TYPE OF PRODUCTS 


Clock Frequency (MHz) , (DP-48) 
Type No. fost Drive Package 
HD63463CRE6 
HD63463-6 | 15.0 | DC48 HD63463CR8 
HD634638 [200 


HD63463P8 20.0 
HD63463CP6 
HD63463CP8 


CP-52 


| 6.0 
L280 = 
HDe3463P6 =| = 6.0 S| ~—(15.0 DP-48 
i ae 
| 6.0 
Eee | 
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PIN ARRANGEMENT 
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DC-48, DP-48 
ST506 SMD 
interface Interface 
Vec READY (1) BUSL/H (O) 
RES SEEK (0) BUSR/W (0) 
BREG HSEL2 (O) TAGS (0) 
TRO HSEL1 (0) UTAG (0) 
DONE Ce. HSELO (O) TAG3 (0) 
RS (6) USEL1 (O) TAG2 (0) 
DTACK' USELO (0) TAG!1 (O) 
RW & USELD (1) USELD (1) 
cs & SCP (1) SEC (1) 
DACK (0) IDX/TRKO (1) IDX (1) 
Do LCT/DIR (0) BUS,/BUS, (I/O) 
D, WELT (1) BUS, /BUS, (1/0) 
D2 LATE/STEP (0) BUS, /BUS, (I/O) 
ciK © EARLY/RGATE (0) | BUS,/BUS, (1/0) 
Veg WGATE (0) BUS, /BUS, (I/O) 
D, Vss 
D, SYNC (O) SKEND (1) 
D, RCLK (1) RCLK (I) 
D, WCLK (1) WCLK (1) 
D, RWDATA (1/0) RWDATA (1/0) 
D, 15 
D, Dis 
Dio D3 
D,, 25] Dio 
(Top View) 
EDs Pin reo pales ST506 SMD 
N fee mie Interface Interface 
ace face 
i Vec 
2 | Vcc | 28 | D,, (1/0) 
sre [29 | Di, WO) 
4 | DREQ(O) | 30 | D,, (1/0) 
s [trai | 31_ D,; (WO) 
6 | DONE (| 32 [RWDATA(/O) | RWDATA (1/0) 
Tras [33 [werk ——__—*| went) 
g | BTACKIO) [34 [RCLK I) —_—=«; RCL 
a [Rm | 35 [sync (o)___| SKEND 
of es ‘| 36 | Vss 
n Vss 
12 | D, (WO) | 38 |WGATE(O) __|_BUS,/BUS, (W/O) 
13, | D, (WO)__| 39 | EARLY/RGATE (0) | BUS, /BUS, (1/0) 
14 [, Wo) | 40 | LATEISTEP (0) | “BUS,7BUS, (170) 
1 | cK | 1 [weir | _BUS,/8U8, W/O) 
16 [| Ves 42 [LCT/OIR(O)__|_BUS,/BUS, (1/0) 
7_| Vss P43 [woxTRKO ‘| 10x 
te [ 0, wor [aa [scram ——_—=s; SC) 
19 | 0, WO) [45 [UseLO( __| ‘USELD @) 
20 | 0, Wor | 46 [useLo (or __—‘| TAG (0) 
21 TAG2 (0) 
22 | 0, WO) | 48 [HSELO(O) __—‘[ TAGS IO) 
23 | 0, (vor | 49 [HSELT(O) __—|_UTAG (0) 
2a | 0, Wor [50 [HSEL2(0)__—_—_—i| TAGS (0) 
25 | Die WO)__| 61 | SEEK(O) _| BUSR/WIO) 
| Dis WO BUSL/A(0 
Haan 26 | D, Wo) | 62 [ READY (i) (0) 
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SIGNAL LINES 


SEEK Select signal 

LCT/DIR 

LATE/STEP 

EARLY/RGATE > Control output 

WGATE 

“——~ SYNC 

ST506 interface READY 

WFLT 

SCP Control input 

IDX/TRKO 

: USELD 

HSELO — 2 Head select 

z USELO — 1 Drive select 
CLK 
RES RCLK 
DREQ WCLK Drive clock 
contr DACK MDE SAGs RWDATA Serial data 
DONE HDC 

| 























Interrupt —— 

eauese IRQ Drive 
cs = Interface 

68000 

bus RS 


control R/W 


BUSL/H 


BUSR/W Drive bus control 


BUS,/BUS, — 


BUS? ,/BUS; Drive bus 


Databus 0D,—D,, 


TAGS 


Host 


interface TAG3 


TAG2 TAG signal 
TAG1 


UTAG 


IDX 
SE Control! input 





SMD 
interface 
USELD 
SKEND 
RCLK 
WCLK 
RWDATA Serial data 


Drive clock 


Figure 1 Input/Output Signals 
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MAJOR FUNCTIONS OF HDC 


Drive Interface ST506* Number of Heads Max 8 
~ Number of Drives Max 4 
Write Precompensation Controlled 
High-Speed Seek Step rate min 875 ns (CLK: 8 MHz) 
Number of Heads Max 32 
Number of Drives Max 8 
Track Offset Controlled 
Data Strobe Controlled 


NRZ or MFM (selectable) 
Max 20 Mbps (NRZ), max 10 Mbps (MFM) 
Multiple sector, multiple track 
External circuit diagnosis 
Disk Format 256, 512, 1024, 2048, or 4096 bytes (selectable) 
Max 255 (hard sector), max 128 (soft sector) 
Max 1024 
Hard sector or soft sector (selectable) 
Error Processing Processing Code 16-bit CRC (error detection), 2 types 
32-bit ECC (error detection or correction) 
Automatic correction of single burst error (up to 11 bits) 
On-Chip Data Buffer 256 bytes x 2 
Simultaneous transfer on host side and drive side 
Stack type (pointer can be updated) 
Host Interface Max 8 MHz 
16 or 8 bits (selectable) 


DMA Transfer Burst or cycle steal mode (selectable) 
Programmed 1|/O Possible 


Storage Module Drive (SMD) 





Commands Seek 2 commands 
Disk Read/Write | 8 commands 
Data Buffer 4 commands 
Drive Check 2 commands 
Others 6 commands 


*$T506/ST412/ST412HP is referred to as “ST506” in this document. 
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HARDWARE DESCRIPTION are connected to the host system including the HD68000 (MPU) 
and the HD68450 (DMAC). 

SYSTEM CONFIGURATION 

An HDC-based system configuration is illustrated in figure 2. If the host system does not require a high throughput, then 

The HDC is used to connect more than one hard disk drives the DMAC is not necessary. A few additional external circuits 


(also called “drive” in this manual) to the host system. The host allow the HDC to be connected to another host system other 
system consists of the MPU (Microprocessing Unit), the main than the HD68000. 


memory and the DMAC (Direct Memory Access Controller). 
The HDC requires minimum number of external circuits that The HDC may control either up to four ST506 drives or up to 


eight SMD drives. 


Host system MPU 


MPU 
HD68000 


HDC : Hard Disk Controller 
MPU ~ : Microprocessing Unit 
DMAC : Direct Memory Access Controller 


oo 


Figure 2 System Configuration Example 
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SIGNAL LINES 
The input/output signal lines of the HDC are shown in figure 1 
which covers both ST506 and SMD drive interface. 


Each signal is described in the following tables and descriptions. 


Host Interface 





a 

Clock, Reset CLK | 

PRES | 
DMA Control DREQ O 
Compatible) 

DONE 
Interrupt Request | TRO O 
aes PRS 
(HD68000 = 
Compatible) R/W | 

DTACK O 
Data Bus (HD68000 1/0 


Compatible) 


CLK — Clock signal from the host system. 
RES — Reset signal from the host system. 


DREQ — Asserted when a DMA data transfer is requested to the 
DMAC. Receiving this signal, the DMAC obtains the bus master- 
ship from the MPU. 


DACK — Transfer acknowledge signal from the DMAC. Receiv- 
ing this signal, the HDC transfers data through the host bus in 
the DMA mode. When RES signal is at “0”, HDC data bus 
configuration change from 16 bits to 8 bits when DACK = 0. 





DONE — Receiving this signal from the DMAC, the DMA data 
transfer through the host bus stops immediately. 


TRG — Interrupt request signal sent to the MPU (open drain 
output). 


CS — Chip select signal generated by decoding address, address 
strobe, and data strobe of the host. 


RS — Register select signal of the HDC. It selects registers when 
set to “0”, data buffers when set to “1”. 


R/W — Signal that indicates the data transfer direction. 
DTACK — Acknowledge signal that indicates the end of data 
transfer in the host bus. The host waits until the HDC asserts 


this signal to terminate the transfer. 


Do—D,; — 16-bit bi-directional data bus. When used as an 8-bit 
data bus, Dg —D,5 must be open. 


HD63463 


ST506 Interface 
Category 1/0 
Select Signal 
LCT/DIR 
LATE/STEP 
EARLY/RGATE 
WGATE 
SYNC 
HSELO—HSEL2 
USELO—USEL1 
READY I 
WFLT | 
SCP | 
IDX/TRKO I 
USELD I 
RCLK i 
WCLK | 
RWDATA 0 


Control Output 


O}; OO; O; OJ O| O| OF O 


Control Input 


Drive Clock 


Drive Data 


SEEK — Used to decode multiplexed signals. SEEK signal 
remains high during the head positioning operation of the HDC. 


LCT/DIR — When SEEK is at “1”’, this signal indicates the head 
direction: the head moves toward the spindle if the LCT/DIR 
signal is at “1”. When SEEK is at “0”, write current is reduced 
if this signal is at “1”. 


LATE/STEP — When SEEK is at “1”’, this signal serves as step 
pulses output for head positioning. When SEEK is at “0O”’, this 
signal requests write precompensation (LATE). 


EARLY/RGATE — When the WGATE signal is at “1”, this 
signal requires write precompensation (EARLY). Otherwise, it 
serves as a read gate signal that requests reading data from the 
drive. 


WGATE — Write gate signal that requests writing data to the 
drive. 


SYNC — Signal to select the loop gain of the external data 
separator. SYNC is at “1” when RGATE is at “1” and one byte 
of $00 is detected in the disk data. SYNC is at “O” when 
RGATE is at “0”. 


HSELO—HSEL2 — 3-bit signal that selects up to eight heads in 
the drive. 


USELO- USEL1 — 2-bit signal that selects one of four drives. 


READY — Signal indicating that the selected drive is ready. 
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WFLT — Signal indicating that the drive has detected a fault 
which may cause a write error. 


SCP — Signal indicating that head positioning (seek operation) 
has been completed in the drive. 


IDX/TRKO — When SEEK is at “1”, this signal indicates that 
the head in the drive is positioned at the outermost track (track 
0). When SEEK is at “O”, this signal serves as an index signal 
that indicates the beginning of a track. 


USELD — Response signal from the drive indicating that the 
drive is selected. 


RCLK — Disk read clock from the external data separator. Its 
frequency is twice the serial transfer rate. 


WCLK — Disk write clock from the external oscillator. Its 
frequency is twice the serial transfer rate. 


RWDATA — Disk read/write serial data is input/output as 

modified frequency modulation code. This pin is normally in 

read state. 

SMD Interface 
Category 

BUSL/H O 

BUSR/W O 


BUS, /BUS,; — 
BUS, /BUS, 10 


Tag TAG5 O 
TAG3 O 

TAG2 O 
O 

O 


Drive Bus Control 


| Drive Bus 


TAG!1 
UTAG 
D 


x< 


Control Input 


n 
m 
© 


USELD | 
SKEND | 
RCLK | 
WCLK l 
RWDATA 1/0 


Drive Clock 


Drive Data 


BUSL/H — When this signal is at high, lower 5 bits of 10-bit 
drive bus are being transferred. 


BUSR/W — When this signal is at high, BUS)/BUS; —BUS,4/ 
BUSog are in input state. 


BUS, /BUS; -BUS,/BUS, — 5-bit bi-directional bus that is used 
to control the drive. When the data is output from 10-bit drive 
bus, the high-order 5 bits are output first and then the low-order 
5 bits. When the data is input to the bus, higher 3 bits of the 
8-bit status are fetched first, then the lower S bits. 


TAG5 — Together with TAG2, used as a status input select 
signal. 


TAG3 — Tag signal indicating that the drive bus contains infor- 
mation such as disk read/write instruction. 


TAG2 — Tag signal indicating that the drive bus contains the 
address for head selection. When drive status is read from the 
drive bus, TAG2 and TAGS are decoded to select the status. 


TAG1 — Tag signal indicating that the drive bus contains the 
destination cylinder address. 


UTAG — Tag signal indicating that the drive bus contains a 
3-bit drive number. 


IDX — Index signal indicating the beginning of a track. 
SEC — Signal indicating the beginning of a sector. 


USELD — Response signal from the drive indicating that the 
drive is selected. 


SKEND — Signal that is generated when the servo circuit in the 
disk drive terminates seek operation and the head is placed on 
the track. 


RCLK — Disk read clock from the drive. Its frequency is the 
same as the serial data transfer rate. 


WCLK — Disk write clock from the drive. Its frequency is the 
same as the serial data transfer rate. 


RWDATA — Disk read/write serial data that is input/output as 
Non-Return to Zero code. 


HOST INTERFACE 

The HDC can be directly connected to the HD68000 (MPU) and 
the HD68450 (DMAC), so that the HDC data is transferred 
asynchronously with the host system. The HDC data bus is 16- 
bit wide, in addition, an 8-bit configuration is available by 
asserting the DACK signal externally during reset. The minimum 
access time that is required for communication between the 
HDC and the MPU, or between the HDC and the DMAC is listed 
in Table 1 (wait cycles are not included). 


Table 1 Host Interface Minimum Access Time 


Data Bus 8-Bit Data Bus} 16-Bit Data Bus 
Transfer Direction (cycles) (cycles) 

(HDC to MPU) 

MPU write ae ae 3 

(MPU to HDC) 

DMA write a 3 
(memory to HDC) 

(HDC to memory) 
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DRIVE INTERFACE SMD interface when DIF is at “1”. The external circuits re- 
The HDC can interface with two different types of drives. DIF quired for HDC drive interface vary according to which interface 
mode of the Operation Mode register 0 (OMO) selects the drive is used. Figures 3 and 4 show the interface circuits which 
interface. ST506 interface is selected when DIF is at “0”, and connect ST506 device and SMD device respectively. 


HD63463 


HEAD SELECT 2 
HEAD SELECT 1 
HEAD SELECT 0 
DRIVE SELECT 4 
DRIVE SELECT 3 
DRIVE SELECT 2 
DRIVE SELECT 1 


R 


DECODE 


SYNC 
WGATE 
EARLY/ 
RGATE 


SEEK 
LATE/STEP 
LCT/DIR 


BUFFER 


WRITE GATE 


STEP 

REDUCED 

WRITE CURRENT 
DIRECTION-IN 


DEMULTI- 
PLEXER 


MFM 


RWDATA 
READ DATA 


oc 
Ww 
= 
nT 
QO 
nr 
oc 
™™ 
Ps 
uw 
= 
a 
ra 


PRE-COMPEN- 
MEM 
SATION WRITE DATA 


2 | | SEEK COMPLETE 
scp MULTI- eee eee | INDEX 


IDX/TRKO| | PLEXER | TRACKOO00 


READY 


WRITE FAULT 
DRIVE SELECTED 


READY 
WFLT 


USELD 
ROL Ks VFO-CLOCK 


WCLK , 
OSCILLATOR 


BUFFER 





Figure 3 ST506 Interface Circuit 
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UNIT SELECT TAG 


TAG 5 
TAG 4 


TAG 3 
TAG 2 
TAG 1 


CONTROL 
CIRCUIT 


BUFFER 


UNIT SELECT 
2° —9? 


BUS, /BUS; 


| BITO —4 
BUS, /BUS» 


ow 
Po 

LL 

u. _ 

= 

faa) 


DRIVER/RECEIVER 


STATUS 0 — 5 


READ DATA 
READ CLOCK 
SERVO CLOCK 
WRITE DATA 
WRITE CLOCK 


UNIT SELECTED 
|SECTOR 
INDEX 


OPEN CABLE 
DETECT 


BUFFER 





Figure 4 SMD Interface Circuit 
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SOFTWARE INTERFACE 

The HDC is furnished with 22 commands, which are classified 
into 6 categories; specification, head positioning, disk access, 
data transfer, drive check, and others. 


Table 2 List of Commands 


Category Mnemonic 
Specifications SPC 
Head Positiong RCLB 
Disk Access RD 

(Note 1) 
wD 
WW 
(Note 1) 
Data Transfer MTB 
oPaW 
Drive Check | Polling =| POL 


(Note 1) Valid only for the hard sector. Disabled for the soft sector. 


Specify — Specifies the HDC’s operation mode, data transfer 
mode, etc. 


Recalibrate — Moves the drive head to the outermost track 
(track 0). 


Seek — Moves the drive head onto a track specified by the Next 
Cylinder Address. 


Read Data — Reads the data of specified sectors and stores it in 
the data buffer. 


Read Erroneous Data — Reads disk data and stores it in the data 
buffer no matter a CRC error occurs or not in ID area. 


HD63463 


Read ID — Reads ID areas from specified number of sectors. 


Read 1D Skew — Reads ID area of a sector formatted by Write 
Format Skew command. 


Find 1D — Reads ID areas and stores the data in data buffers. 
ID area containing a CRC error is skipped reading, and the 
subsequent ID area without any CRC error is searched for. 


Check Data — Checks if there is any ECC or CRC error in 
DATA area of specified sectors. No data is transferred to data 
buffers or to the main memory while checking. 


Compare Data — Compares the data in data buffers and the data 
read from specified sectors. 


Write Data — Writes the data stored in data buffers into DATA 
area of specified sectors. 


Write Format — For the hard sector, formats a specified number 
of sectors starting with a specified physical sector address. For 
the soft sector, formats a track. 


Write Format Skew — Formats a sector specified by a physical 
sector address by skewing ID area by 64 bytes. 


Memory to Buffer — Transfers data from the main memory to 
the data buffer by DMA transfer. 


Buffer to Memory — Transfers data stored in the data buffer 
to the main memory by DMA transfer. 


Open Buffer Write — Provides initialization of pointer to write 
data into the data buffer starting from an address specified by 
Pointer Offset. The data buffer is written in the PIO mode after 
the command execution ends. 


Open Buffer Read — Provides initialization to read the data 
stored in the data buffer from an address specified by Pointer 
Offset. The data buffer is read in the PIO mode after the com- 
mand execution ends. 


Polling — Monitors drive status including seek end. 


Check Drive — Sets result parameters indicating status of a 
specified drive to Parameter Block. 


Abort — Stops all operations being executed by the HDC. 

Check ECC — For ECC errors occurred during RD and RED 
command execution, reports result parameters indicating ad- 
dresses and patterns of erroneous data. 

Polling Disable — Stops Polling command execution. 

Recall — Clears all bits of the status register and sets a buffer 
pointer to the start address of parameter block so that com- 


mand parameters can be accepted. 


Test — Makes the output pins of the HDC’s drive interface 
three-stated. 
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Command Name 


Specify 

Recalibrate 

Seek | 

Read Data 

Read Erroneous Data 
Read ID 

Read ID Skew 

Find ID 

Check Data 

Compare Data 


Write Data 


Write Format 





Table 3 Command Code, Interrupt Request, and DMA Data Transfer 


— Factor Bits 


Command Code 
Binary 
1110 1000 
1100 1000 
1100 0000 
0100 0000 
0111 0000 
0110 0000 
0110 1000 
0110 0001 


DTM =0 


0100 1000 
1000 1000 
1000 0111 
1010 0011 


DMA Transfer 


DTM =1 


Write Format Skew 
Memory to Buffer 1001 0000 
0101 0000 
0011 0000 


0011 1000 


Buffer to Memory 
Open Buffer Read 
si Buffer Write 


Check Drive 

Abort cin FO-FF 

Polling Disable | 9001 1000 =|) S18 

Recall ae ee ee 
Inhibited Ptorees | Dope 


DMA: Direct Memory Access 
DTM: Data Transfer Mode 


*: don’t care 


PROGRAMMING MODEL 

Figure 5 shows the internal configuration of the HDC and a 
programming model. The HDC internally provides an 8-bit STR 
(Status register), an 8-bit CMR (Command register), a 16-byte 
PB (Parameter Block) and two 256-byte data buffers (DBUFO 
and DBUF1). The data can be written to/read from PB, DBUFO 
and DBUFI1 by externally accessing DTR (Data Transfer 
register). Their address are specified by a pointer, and is incre- 
mented for each access. Internal processors set pointer value, 
or select one of PB, DBUFO and DBUFI to be connected to 
DTR. These internal processors are initialized by writing a com- 
mand from the MPU to CMR. The result of command execution 
is reflected in the STR. 


O 


o: Set at the end of command o: DMA transfer is performed. 


execution. 


At the beginning of the command execution, internal proces- 
sors read command parameters in PB written by the MPU and 
determine the command operation mode. At the end of the, 
command execution, the MPU reads result parameters in PB 
written by internal processors. 

When the HDC writes data to a disk, the host system sends disk 
write data to DBUF, then internal processors write the contents 
of DBUF into the disk. When the HDC reads data from a disk, 
internal processors read the contents of the disk and stores them 
into DBUF, then the host system reads data from DBUF. The 
MPU can access STR, CMR, and DTR while the DMAC can 
access only DTR in the single addressing mode. 


© HITACHI 


Hitachi America Ltd. ¢ 2210 O’ Toole Avenue 


414 


* San Jose, CA 95131 © (408) 435-8300 





HD63463 


When used in 8-bit mode, the HDC requires 2-byte address When used in a 16-bit mode, the HDC requires 2-word address 
space. One byte (RS (Resister Select signal) = 0) is an 8-bit read space. One word (RS = 0) consists of an 8-bit CMR and an 8-bit 
only STR or an 8-bit write only CMR. Another byte (RS = 1) read only STR. Another word (RS = 1) serves as a 16-bit DTR. 
is an 8-bit DTR. 


8-bit mode 16-bit mode 


STR: Status register (read only) 
CMR: Command register (write only for 8-bit mode) 
DTR. Data Transfer register 


internal ($0000 — $O00FF) 


Address 2 
rome = il DBUFO 


(256 bytes) 


processor 


N 
N 


_~ 


(16 bytes) 


Host bus 


= 


SS 


VAAANAAAANANSASNAA 


N 


($8000 — $80FF) 


x 


Pack/Unpack Address 
Pointer Oooo 
up 


; 
; 


DBUF 1 
(256 bytes) 


y 
y 


: Externally accessible register 


PB: Parameter block 


internal Configuration 
DBUF: Data buffer 





Figure 5 Internal Configuration and Programming Model 
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When the HDC is either in idle state or command execution end 
state, the MPU can access PB by accessing DTR. While the HDC 
is executing a command (during data transfer), DBUFO or 


STATUS REGISTER 
The bit configuration of the Status register is shown in the 
figure below, and each bit is described in Table 4. 


DBUF1 can be accessed by accessing DTR. Before accessing 
DBUFO or DBUF1, the MPU must issue a command to open 
the buffer. 


7 6 5 4 3 2 1 0 
Dasy | cer [ceo | Sep | den | ABN | POL] “07 


blank bit 
Polling 
Abnormal! End 


Drive Error 
Seek End 
Command End 
Command Parameter Rejection 





Table 4 Status Register Bit Description 


















































Set 1” Reset ‘’0’’ Interrupt : 
Busy Command Command execu- While HDC is executing a command, BSY bit is 
acknowledged tion end (except set to "1". 
for POL command) 
6 CPR | Command Command RCAL With this bit reset to ‘0’, command parameters 
Parameter execution command can be written. 
Rejection received 
5 CED | Command Command RCAL Set to ‘1’ when command shown in table 3 
End execution end command ends. When this bit is set, HDC asserts 1RQ signal. 
received 
4 Drive seek end RCAL If detecting drive seek end during execution of 















Seek End 
detected command command shown in table 3, HDC sets ‘’1" in this 
received bit at the end of command execution. 
3 Drive Error Drive error RCAL If detecting drive error during execution of com- 
detected command mand shown in table 3, HDC sets ‘1”’ in this bit 
received at the end of command execution. 


RCAL 
command 
received 


Error detected If acknowledging errors such as illegal command, 
drive faults, data over/under run, the HDC sets “1” 
to ABN at the end of command execution. The 
SSB contains the error code. 


2 ABN Abnormal End 


1 POL POL command 


received 


POD command Set to “1’’ during execution of POL command. 


received, seek 


operation end 
detected, drive 
error detected 


©: An interrupt is generated when this bit is set. 





0 


Blank bit, always set to “O”’. 
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HDC CONTROL PROCEDURE 

The MPU’s procedure to control the HDC is shown in figure 6. 
To control the HDC, the MPU must read STR of the HDC. The 
MPU may issue command parameters to PB in the HDC only 
when both BSY and CPR bits are cleared. 


This enables the HDC to change its status from idle state to 
command wait state. Although a data buffer pointer does not 
indicate the start address of PB under command wait state, STR 
has the same contents as in the idle state. It is impossible to 
distinguish these two internal HDC states externally. 


After this, the MPU issues a command. The HDC executes a 
command after setting BSY bit to “1”. At the end of command 
execution, result parameters are stored in PB, the CPR bit is set 
to “1”, and BSY bit is cleared. Under this condition, the MPU 
reads result parameters from PB. Issuing Recall command after 
this enables the HDC state to change from command execution 
end state to idle state. 


Issue 
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Some commands do not require either or both of the command 
parameter and result parameter. For some commands, the CED 
bit, SED bit, or DER bit is set to “1”, which enables the HDC 
to generate an interrupt request to the MPU. 


In the DMA (direct memory access) mode, data transfer takes 
place between the main memory and the HDC when a disk 
access command is received. For this reason, the MPU must 
initialize the DMAC before issuing a disk access command to 
the HDC. Data such as system memory address and number of 
transfer words are written into the DMAC register. 


When the MPU writes data into internal control register in the 
DMAC, the DMAC state changes from the idle state to transfer 
request wait state. Upon reception of a transfer request signal 
(DREQ) from the HDC, the DMAC transfers data to/from the 
HDC and system memory until specified number of words are 
transferred. The DMAC may generate an interrupt request to 
the MPU when the transfer is completed. 


command 


parameters 


Transfer data (P1O) 


oll 


Fetch result 
parameters 


Data transfer 
(DMA) 


Interrupt 


iy! 


Issue 


Recall 
command 


Command 


execution 
(Data transfer) 


End of 
command execution 





Figure 6 HDC Control Procedure 
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COMMAND PARAMETERS 


Command parameters are listed in Table 5. Command param- 





are listed in the upper row of each command, and those for the 
SMD type in the lower row. 


eters used by the HDC to control ST506 type hard disk drive 


Commands 
Specify 
Recalibrate 
Seek 
Read Data 
Read Erroneous Data 
Read ID 
Read ID Skew (Note 1) 
Find ID 
Check Data 
Compare Data 
Write Data 


Write Format 


Write Format Skew (Note 1) 


Memory to Buffer 
Buffer to Memory 
Open Buffer Read 


Open Buffer Write 


~ 


Polling 
Check Drive 


Abort 

Check ECC 
Test 

Polling Disable, 
Recall 





Table 5 Command Parameter (byte organization) 


Upper row: ST506 ) 


OMO OM1 OM2 CUL TO/NCH NCL NH NS SH/RL GPL1 GPL2 GPL3 LCCH LCCL 
PCCH PCCL 
OMO OM1 OM2 CUL TO/NCH NCL NH NS SH/RL GPL1 GPL2 RGTLT 


US $00 
US $00 
US $00 NCAH NCAL 
US $00 NCAH NCAL 


US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA SCNTH SCNTL 
US PHA $00 PSA SCNTH SCNTL 
US PHA $00 OFFSET $00 SCNTL 
US PHA $00 PSA $00 SCNTL 
US PHA $00 OFFSET $00 SCNTL 
US PHA $00 PSA $00 SCNTL 
US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
US PHA SCNTH SCNTL 
US PHA $00 PSA SCNTH SCNTL 
POFFH POFFL 
| POFFH POFFL 
POFFH POFFL 
POFFH POFFL 
POFFH POFFL 
POFFH POFFL 
POFFH POFFL 
POFFH POFFL 
None 
US $00 
US $00 
None 
None 
None 
None 
None 


(Note 1) Read ID Skew and Write Format Skew are valid only for SMD interface.’ 
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SPECIFY COMMAND PARAMETERS 

Parameters of SPC command may be used to specify the HDC 
operation mode and the disk format. Parameters are listed in 
Table 6. Contents of these parameters are different according to 
which type of drive is used: either ST506 or SMD. Each param- 
eter is described in Tables 7 and 8. Table 7 lists parameters which 
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are specified by a bit, and Table 8 lists parameters which are 
specified by 3-16 bits. 


The HDC supports soft sector format (in ST506 interface) and 
hard sector format (in SMD interface) which are shown in 
Figure 7. 


Table 6 Specify Command Parameter Mere 


Bit 7 5 4 


SECT 









OMO 










OM1 
OM2 


BRST CEDM 


GPL1 
GPL2 
GPL3 


(SMD) 


6 1 
oo DIF PADP a CRCP CRCI ACOR 


SL Seon] ent 


LCC High (LCCH) 
LCC Low (LCCL) 
PCC High (PCCH) 
PCC Low (PCCL) 


0 


AMEX 
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Table 7 Specify Command Parameters (a) 


Abbreviation ST506 SMD 


= 
mn 
4 
= 
ms) 
N 


* 


Soft Sector 


Ee aie 
MOD Data Modulation /MFM | 
DIF Drive interface 
PADP PAD Pattern 
ECD Error Check Code 
CRCP CRC Polynomial X16 + X12 + x5 +14 
CRCI CRC Initial Value $FFFF 

ACOR Automatic Correction Enabled 

DTM Data Transfer Mode pPIO DM 
BRST DMA Burst Mode Burst 
CEDM Command End Mask Masked 
SEDM Seek End Mask Masked 
DERM Drive Error Mask 


SECT Sector Organization Hard Sector 


$4E 
ECC 
A 


AMEX Address Mark Exclude ) included =| Not Included 7 
PSK Parallel Seek | Normal | Parallel 1 
SOFM Servo Offset Minus | Normal | : 


SOFP Servo Offset Plus 
STBL Strobe Late Late 
STBE Strobe Early Early 


* Ether Oor 1 


Table 8 Specify Command Parameters (b) 


ST506 SMD 
8 bits None 
4 bits 8 bits 


Abbreviation 
SL Step Pulse Low 
CUL Connecting Unit List 





| ST506_ 

| Sbits_ 

| 4 bit | 
TO Read/Write Time-ove 6 bits 6 bits 
| | RGATE 
GPL3 Gap Length 3 (8 bits) GAP3 Eataney 
LCC Low Current Cylinder 16 bits None 


PCC Precompensation Cylinder 16 bits None 
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Lov 


IHOVLIH @ 


Soft Sector Format Supported by HDC 


te 
(from 2nd sector to N-1th sector) 


GAP 1 PLO SYNC IDPAD | PLOSYNC a DATA oe GAP 3 
or 


29 a GeEag0RRECo cra Oia COT ara 
Ce a ee 8 ee ed 


Missing clock ee 


















Next 


Top sector 
P Sector 












Missing clock 


Nth (final) 
sector 

















Byte 
length 


WPS ee 
so 


Hard Sector Format Supported by HDC 
























IDX/SEC IDX/SEC 
Ss S 
Y Y 
N F N 
CiL L Cc ECCor | DATA Next 
HEADSCAT | PLOSYNC | p |‘ s P CRC pap | ENDREC 1 sector 
A G A 
T T 


Byte length GPL1 


[aren [$00 





Figure 7 Disk Format 


EC9vE9GH 
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OMO (Operation Mode 0) 

(1) SECT (Sector Format) bit 
This bit specifies the format of the drive to be connected to 
the HDC. There are two drive formats available: hard sector 
and soft sector. 


SECT = 1: Hard Sector Format 


SECT =0: Soft Sector Format 





(2) MOD (Modulation) bit 
This bit specifies modulation mode for data written to/read 
from the drive. 


MOD = 1: NRZ (Non Return to Zero) 





MOD =0: MEM (Modified FM) 


(3) DIF (Drive Interface) bit 
This bit specifies the type of drive interface: either ST506 
or SMD. The pin function of the HDC changes according 
to the interface type. 


DIF = 1: SMD Interface 
DIF =0: ST506 Interface 


In SMD interface, the HDC performs seek instruction, head 
specification, drive status check, etc to the drive through 
5 -bit bi-directional buffer BUS) /BUS,; —BUS,/BUS,. 











In ST506 interface, the HDC makes the drive perform seek 
operation by issuing step pulses. 


(4) PADP (PAD Pattern) bit 
This bit specifies the data pattern of PAD area that follows 
ID and DATA areas. The value of the PADP bit gives the 
data pattern of PAD area that is written into the drive by 
WFM or WD command execution. 


Tra ester [ Set Soto 
PADP = 1 Prohibited 


(5) ECD (Error Check Code) bit 
This bit specifies the error check code which is added to the 
end of the DATA area. CRC code is always specified for the 
ID area regardless of ECD bit. 





ECD = 1: ECC (Error Correction Code) 


ECD =0: CRC (Cyclic Redundancy Check Code) 


ECC enables error detection and correction. A 4-byte ECC 
code is added ‘o the end of DATA area. A generation 
polynominal G(x) of ECC is as follows (the initial value is 
fixed to “O0’’). 





(6) 


(7 


we’ 


(8) 


G(x) = (x?! +1) x" +x? +1) 
CRC enables error detection, but not error correction. A 
2-byte CRC code is added to the end of DATA area. A 


generation polynominal G(x) of CRC is specified by the 
CRCP bit. 


CRCP (CRC Polynominal) bit 
This bit determines the polynominal G(x) that generates 
CRC of ID and DATA areas when ECD = 0. 


CRCP =1: G(x) =x! +x!?7 4x5 +1 


CRCP=0: G(x) =x!© +1 





CRCI (CRC Initial) bit 
This bit sets the initial value of CRC. 


CRCI = 1: Initial value = $F FFF 
CRCI=0: Initial value = $0000 





ACOR (Automatic Correction) bit 

This bit selects whether or not the HDC will automatically 
correct an error detected in DATA area during RD com- 
mand execution. 


ACOR = 1: Automatic correction is performed. 


ACOR =0: Automatic correction is not performed. 





Automatic correction mode is valid when ECC is specified 
as the error check code of DATA area and the sector length 
is 256 bytes (RL = $01, ECD = 1). For any other cases 
specify “O” to the ACOR bit. 


OM1 (Operation Mode 1) 


(1) 


DTM (Data Transfer Mode) bit 

This bit is used to specify data transfer operation between 
the HDC and the main memory during the execution of the 
following commands: 


RD RED RID 
RIS FID WD 
CMPD WFM WES 


These commands normally perform transfer between drive 
and memory via HDC data buffers. However, it is possible 
to cease transfer between the HDC and memory during 
these command execution by utilizing DTM bit. 










DTM = 1: DMA mode 


DTM =0: PIO mode 


In DMA mode, the HDC performs transfer between drive 
and memory via HDC data buffer. In this case, DMA 
transfer is performed between the HDC and memory, and 
transfer mode is specified by BRST bit. 


In PIO mode, the HDC performs transfer between drive and 
the HDC. In this case, transfer between the HDC and main 
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(2 


(3 


ow 


wow 


memory must be supported by the host system using one 
of four buffer access commands of the HDC: MTB, BTM, 
OPBR, and OPBW. 


BRST (DMA Burst) bit 

This bit specifies DMA transfer mode of buffer access 
commands and drive access commands which perform 
transfer between the HDC and the main memory. 










BRST =1: Burst mode 


BRST =0: Cycle Steal mode 


CEDM, SEDM, DERM bits 

CEDM (Command End Mask), SEDM (Seek End Mask), 
and DERM (Drive Error Mask) bits specify whether the 
IRQ signal is to be asserted or not. CEDM, SEDM, and 
DERM correspond to CED (Command End), SED (Seek 
End), and DER (Drive Error) bits in STR (Status register). 


1: IRQ is masked (not asserted). 
0: IRQ is not masked (asserted). 










Corresponding bits in STR 





(4) AMEX (Address Mark Excluded) bit 


This bit specifies whether or not the byte-synchronization 
pattern marking the beginning of ID area or DATA area 
(AM in soft sector, SYNCPAT in hard sector) is to be 
included in the CRC or ECC error detection span. The 
AMEX bit affects the byte length of ID PAD area and 
DATA PAD area. 





Seek Mode SL 


Normal seek (PSK = 0) SL = $00 


$01<SL<$FE 
(1) (254) 


SL = $FF 


Parallel seek (PSK = 1) SL = $00 


$01 <SL<$FE 
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(5) PSK (Parallel Seek) bit 
This bit specifies seek operation mode, and is valid only 
in ST506 interface (in SMD interface, PSK must be fixed 
to “1”). The HDC specifies step pulse issue timing by 
utilizing the value of OM2, SH, and PSK bits. 


PSK = 0: Normal Seek mode 


PSK = 1: Parallel Seek mode 





In Normal Seek mode, the HDC issues step pulses in long 
cycle (0.1—32 ms). SEK and RCLB command execution 
ends when the HDC issues step pulses and then detects 
seek end. 


In Parallel Seek mode, the HDC issues step pulses in short 
cycle (0.5—115 ys). SEK and RCLB command execution 
ends when the HDC issues step pulses. Since the HDC does 
not check the seek end, parallel seek operation in multiple 
drives is realized by issuing SEK or RCLB command to 
these drives. Seek end is to be checked by using POL 
command. 


OM2 (Operation Mode 2) 

This 8-bit register specifies step pulse low width in ST506 inter- 
face, and specifies drive control output signal during disk read 
command execution in SMD interface. 


In ST506 interface, OM2 indicates SL which specifies step pulse 

low width (STPL: Step Pulse Low). Low-speed seek mode 

(Normal Seek mode) is selected when PSK = 0, and high-speed 

seek mode (Parallel Seek mode) is selected when PSK = 1. 

Highest seek speed is realized when PSK = 1 and SL = $FF. The 

relation between step pulse low width and SL is shown in the 
following Table (see Step Pulse High/Record Length register to 
specify step pulse high width). 









EA EREAESEAER RES 


Step Pulse Low (SL) 


STPL (step pulse low) 
STPL = 988 CLK 


STPL = (SL — 1) x 1280 + 2364 CLK 
(2364 CLK < STPL < 326204 CLK) 


Disabled 
STPL = 27CLK 
STPL=SLx6+28 CLK 


(1) (254) (34CLK < STPL < 1152 CLK) 
STPL = 5CLK 
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STEP 


signal 


In SMD interface, OM2 specifies drive control output signal 
from the HDC during data read command execution. In data 
write command (all the commands that assert WGATE signal) 
and SEK, RCLB command execution, outputs of drive control 
signals are low regardless of the contents of OM2. Bits 4—7 in 
OM2 are to be set to “O”. 


SOFM bit: With SOFM = 1, the drive head is offset from 
the normal position away from the spindle. 

SOFP bit: With SOFP = 1, the drive head is offset from 

the normal position towards the spindle. 

With STBL = 1, the data from the drive PLO 

data separator is strobed later than usual. 

STBE bit: With STBE = 1, the data from the drive PLO 
data separator is strobed earlier than usual. 


STBL bit: 


RSEaES ee 


SOFM | SOFP | STBL | STBE 






Strobe Early 

Strobe Late 
Servo Offset Plus 

Servo Offset Minus 





CUL (Connecting Unit List) 
This register stores bit-map information indicating which drive 
is connected to the HDC. 


In ST506 interface, bits O—3 correspond to drives 0O—3 respec- 
tively. To connect a drive, write “1” into the corresponding bit 
(up to 4 drives can be connected). 






Drive Unit 0 
j} Drive Unit 1 

Drive Unit 2 

Drive Unit 3 


In SMD interface, bits O—7 correspond to drives O—7 respective- 
ly. To connect a drive, write “1” into the corresponding bit (up 
to 8 drives can be connected). 













Drive Unit O 
Drive Unit 1 

Drive Unit 2 

Drive Unit 3 

Drive Unit 4 

Drive Unit 5 

Drive Unit 6 

Drive Unit 7 


TO/NCH, NCL (Read/Write Time Over, Number of Cylinders 
High/Low) 

NCH and NCL registers specify the number of cylinders in disk 
drive, and time-over during disk access command execution. 


(1) TO (Read/Write Time Over) 
The high-order 6 bits in TO/NCH are used to assign the ID 
search time: time-over (tover). According to the value of 
TO, the HDC sets time-over period as follows. 
$01 < TO < $3F (TO = $00 is prohibited.) 
TO x 8 x 10* CLK < toye, < (TO + 1) x 8 x 10* CLK 


(2) NC (Number of Cylinders) 
The low-order 2 bits of TO/NCH and 8 bits of NCL specify 
the number of cylinders (NC). NC is 1023 at a maximum. 
Its value is number of cylinders minus 1. 


The HDC uses NC to issue NC + 10 step pulses during 
RCLB command execution (ST506 interface), or to check 
whether or not the command parameter NCA (Next 
Cylinder Address) exceeds NC during SEK command 
execution. 


15} 14} 13] 12] 1] 10] 9 | 8 | 


Read/Write Time Over 
ae 


Number of Cylinders High 


2 P28 ie [8s 2 fe] | 


Number of Cylinders Low 


NH (Number of Heads) 
This register indicates the number of heads. Its value is to be 
number of drive heads minus 1. 













In disk access command execution, the HDC checks whether or 
not PHA (Physical Head Address) specified by command param- 
eters exceeds NH. When PHA exceeds NH, the HDC sets IPH 
(Invalid Physical Head Address) to result parameter SSB (Sense 
Status Byte) and abnormally terminates the execution. 


To select a head during multiple track operation in disk access 
command execution, the HDC checks whether PHA exceeds NH 
or not. When PHA exceeds NH, the HDC sets IPH to SSB and 
abnormally terminates the execution. 
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Number of Heads 


In ST506 interface, up to 8 heads can be selected ($00 < 
NH < $07). Bits 3—7 must be fixed to “0”. 








In SMD interface, up to 32 heads can be selected ($00 < NH 
< $1F). Bits 5—7 must be fixed to “0”. 





NS (Number of Sectors) 
This register indicates the number of sectors. Its value is number 
of sectors/track minus 1 ($00 < NS < $FE). 


In data read/write command execution, the HDC checks 
whether LSA (Logical Sector Address) exceeds NS or not. 


In multiple sector operation in data read/write command 
execution, the HDC checks whether LSA exceeds NS or not 
each time LSA is incremented after one sector operation. If 
LSA exceeds NS, the HDC sets “0” to LSA, increments LHA 
and PHA, and compares NH and PHA. If NH exceeds PHA, the 
HDC executes multiple track operation. If PHA exceeds NH, the 
HDC sets IPH (Invalid Physical Head Address) to result param- 
eter SSB and abnormally terminates the execution. 


ARSED ER ERE EEE 


Number of Sectors 


SH/RL (Step Pulse High/Record Length) 


pase [ete a] Se 


Step Pulse High (SH) seal eee 


(1) SH (Step Pulse High) 
The high-order 5-bit SH/RL indicates step pulse high width 
(STPH: Step Pulse High) in ST506 interface. 











STPH is fixed to 2CLK in highest speed seek mode (PSK 
= 1 and SL = $FF). Otherwise, SH sets STPH regardless of 
the PSK bit. The relation between STPH and SH is shown 
in the following table. SH is ignored when maximum speed 
seek mode is selected in ST506 interface. 
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In SMD interface, the high-order 5 bits are to be fixed to 


“Oo”. 
STPL 
STPH 
SH STPH (step pulse high) 
SH = * TPH = 
* Sdontmeare STPH = 2 CLK (Note 1) 
SH = $00 STPH = 3 CLK 
$01 << SH < $1F STPH = SH x 3 + 1 CLK 
(1) (31) (4CLK< STPH < 94 CLK) 


(Note 1) Highest-speed seek mode (PSK = 1,SL = $FF) 


(2) RL (Record Length) 
The low-order 3-bit SH/RL indicates record length per 
sector. 














Record Length 


Inhibited 
256 bytes 
512 bytes 

1024 bytes 

2048 bytes 

4096 bytes 

Inhibited 

Inhibited 


GPL1, 2 (Gap Length 1, 2) 
These registers specify the length of gap and SYNC area in the 
sector during WD and WFM command execution. 


GPL1 specifies the length of gap areas (GAP1 in soft sector, 
HEAD SCAT in hard sector) that follow an index or a sector 
pulse by byte. It is used for WFM command execution. These 
areas are formatted 6 bytes longer than the value set to GPL1 
during the command execution. [$00 < GPL1 < $FF] 








pe |e a2] ay 


Gap Length 1 
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GPL2 specifies the length of SYNC area located at the begin- 
ning of ID and DATA areas by byte. It is used for WD and 
WFM commands. This area is formatted 3 bytes longer than the 
value set to GPL2 during the command execution. [$08 < 
GPL2 < $FF] 


7 e{statsjatita 


Gap Length 2 


GPL3/RGTLT (Gap Length 3, Read Gate Latency) 
GPL3/RGTLT specifies the length of GAP3 for the soft sector 
and read gate latency delay for the hard sector by byte. 





GPL3 specifies the length of GAP3 located at the end of a 
sector in soft sector format by byte. It is used for WFM com- 
mand. This area is formatted 3 bytes longer than the value set 
to GPL3. [$09 < GPL3 < $FF] 


Ea cA EEE eae 


Gap Length 3 


RGTLT specifies the time period between the detection of an 
index or a sector pulse and the assertion of RGATE in unit of 
byte. It is used for disk read commands. RGATE is asserted 5 
bytes later than the value set to RGTLT. RGTLT must be set 
to assert RGATE at the beginning of or before PLO SYNC area 
in the ID field. During RIS command execution, 64 bytes are 
added to the amount of latency automatically. [$00 ¢ RGTLT 
< SFF] 


ARREARS ES 


RGATE Latency 


LCCH, LCCL (Low Current Cylinder High/Low) 

For the inner cylinders of the drive, it is necessary to reduce 
write current during WFM and WD command execution. These 
registers specify address of the outermost cylinder from where 
write current is reduced. This is valid only in ST506 interface. 
When a disk write command is executed to any cylinder whose 
address is equal to or greater than LCC, the HDC asserts the 
LCT pin to high. [$0000 < LCC < NC (Number of Cylinders)] 


fis []isfiu]o] o] | 


Low Current Cylinder High 


RARER Ee 


Low Current Cylinder Low 



















PCC (Precompensation Cylinder) 

This register specifies the address of the outermost cylinder 
from where compensation of the bit data timing is required. 
This is valid only in ST506 interface. When a disk write com- 
mand is executed to any cylinder whose address is equal to or 
greater than PCC, either EARLY or LATE signal is generated 
in accordance with the bit data timing. [$0000 < PCC < NC] 


(15 | 14 [13] 12] 11 | 10] 9 | 8 | 


P7teista}s}je2tijo 


Pre-compensation Cylinder Low 


OTHER COMMAND PARAMETERS 
The following describes command parameters other than SPC 
command parameters in alphabetical order. 











(1) FLAG 
This parameter is used to specify the FLAG byte of ID area 
of a hard sector that the HDC will access. If the FLAG 
given by the command parameter does not match the 
FLAG read from ID area of the disk, the HDC will not 
access the sector. 


(2) LCA (Logical Cylinder Address) 

This parameter is used to specify the logical cylinder ad- 
dress of ID area (16 bits: the high-order 8 bits for LCAH 
and the low-order 8 bits for LCAL) of a sector that the 
HDC will access. If LCA given by the command parameter 
does not match LCA read from ID area, the HDC will not 
access the sector. In soft sector format, it is prohibited to 
specify $F8 to the high-order 8 bits (LCAH). 


LHA (Logical Head Address) 

LHA is used to specify the logical head address of ID area 
of a sector that the HDC will access. If LHA given by the 
command parameter does not match the LHA read from ID 
area, the HDC will not access that sector. In multiple track 
operation, LHA is automatically incremented by one. Since 
LHA is logical, it may exceed the number specified by the 
parameter NH (number of heads). 


(3 


we 


(4) LSA (Logical Sector Address) 

LSA is used to specify the logical sector address of ID area 
that the HDC will access. If LSA given by the command 
parameter does not match LSA read from ID area, the HDC 
will not access the sector. In multiple sector operation, LSA 
is automatically incremented by one. Since LSA is 
compared with the control register NS (number of sectors) 
for switching of heads, the LSA must not exceed the NS. 


NCA (Next Cylinder Address) 

This parameter is used to specify the physical address (10 
bits) of a cylinder to which the head will move when a SEK 
command is issued. The outermost cylinder address is 
$0000. The high-order 8 bits of NCA are used for NCAH 
and the low-order 8 bits for NCAL. The high-order 6 bits 
of NCAH must be fixed to “0”. If NCA exceeds NC, com- 


(5 


— 
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(6) 


mand execution abnormally terminates. 


OFFSET 

OFFSET specifies how many sectors to be skipped reading 
after an index pulse. Then the HDC reads ID fields, and 
stores them into the data buffer. 


(7) PHA (Physical Head Address) 


The MPU specifies PHA when issuing a disk access com- 
mand. Unlike LHA, PHA is physical, and the bit status of 
PHA is directly output as HSEL signals. The high-order 5 
bits of PHA must be fixed to “0” for ST506 interface, and 
the high-order 3 bits for SMD interface. In multiple track 
operation, PHA is automatically incremented by one with- 
in the HDC if another head switching is required. If PHA 
exceeds the value given by NH, the command execution 
will abnormally terminate. 


(8) POFF (Pointer Offset) 


The MPU specifies a transfer start address (16 bits) when 
issuing a command for accessing the data buffer. The MSB 
of the high-order 8 bits (POFFH) selects one of two data 
buffers, and the remaining 7 bits must be fixed to “O”. 
The low-order 8 bits (POFFL) specifies a transfer start 
address of the selected data buffer (256 bytes). For the 
16-bit data bus, POFF is limited to an even address only. 


(9) PSA (Physical Sector Address) 


This parameter is used to specify a physical address of a 
hard sector at which the execution of RID, RIS, FID, 
WF, or WFS starts. If PSA is $00, the sector following an 
index pulse is specified. 


(10) 


(11) 
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SCNT (Sector Count) 

This parameter is used to specify the number of sectors 
(16 bits) that the HDC will continuously access in a disk 
access command execution. Upper 8 bits are SCNTH, and 
lower 8 bits are SCNTL. Up to 1024 sectors are specified 
in ST506 interface (128 sectors x 8 heads), and up to 8160 
sectors are specifiable in SMD interface (255 sectors x 32 
heads). For commands relating to the ID (RID and WFM), 
they perform no multiple track operation. In addition, 
maximum number of sectors that can be formatted at a 
time by WFM command is 128 for soft sector, and 102 for 
hard sector. 


US (Unit Select) 

The MPU specifies the address (8 bits) of a target drive 
when issuing a head positioning, disk access or drive check 
command. The contents of US are directly output from 
USEL signals. The high-order 6 bits of US must be fixed to 
“O” for ST506 interface, and the high-order 5 bits for SMD 
interface. US is the high-order 8 bits of a 16-bit word, and 
the low-order 8 bits of the word are PHA or $00. It is not 
necessary to issue $00 to the low-order 8 bits when CKV or 
RCLB command is issued. 


RESULT PARAMETERS 

Result parameters are listed in Table 9. In this table, result 
parameters used by the HDC to control ST506 type hard disk 
drive are found in the upper row of each command, and those 
for SMD type in the lower row. 
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Table 9 Result Parameters (Byte-organized) 


os row: a) | 
| commans | | parents Lower row: SMD 
Recalibrate $00 SSB US VUL 
= $00 SSB US VUL 
Specify ($00 SSB) 
($00 SSB) 
Seek $00 SSB US VUL 
$00 SSB US VUL 
“Read Data | | $00 SSB US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
$00 SSB US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
Read Erroneous Data $00 SSB US PHA SCNTH SCNTL 
$00 SSB US PHA $00 PSA SCNTH SCNTL 
Read ID $00 SSB US PHA $00 SCNTL 
Read 1D Skew (Note 1) $00 SSB US PHA $00 PSA $00 SCNTL 
Find ID $00 SSB US PHA $00 SCNTL 
| $00 SSB US PHA $00 PSA $00 SCNTL 
Check Data $00 SSB US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
$00 SSB US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
Compare Data $00 SSB US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
$00 SSB US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
Write Data $00 SSB US PHA LCAH LCAL LHA LSA SCNTH SCNTL 
$00 SSB US PHA $00 FLAG LCAH LCAL LHA LSA SCNTH SCNTL 
Write Format $00 SSB US PHA SCNTH SCNTL 
Write Format Skew (Note 1) | $00 SSB US PHA $00 PSA SCNTH SCNTL 
Memory to Buffer ($00 SSB) 
($00 SSB) 
Buffer to Memory ($00 SSB) 
($00 SSB) 
Open Buffer Read ($00 SSB) 
($00 SSB) 
Open Buffer Write ($00 SSB) 
| ($00 SSB) 
Polling $00 SSB US VUL 
| $00 SSB US VUL 
Check Drive $00 SSB US $00 DSTO $00 
$00 SSB US $00 DSTO DST1 DST2 DST3 
Abort | $00 SSB 
$00 SSB 
Check ECC $00 SSB EAO EA1 EPO EP1 EP2 $00 
$00 SSB EAO EA1 EPO EP1 EP2 $00 
Test ($00 SSB) 
($00 SSB) 
Polling Disable ($00 SSB US VUL) 
| ($00 SSB US VUL) 
Recal! {$00 SSB US VUL) 


| ($00 SSB US VUL) 


(Note 1) Read ID Skew and Write Format Skew are valid only for SMD. 
(Note 2) Parenthesized parameters are reported when a command ts issued-under the illegal condition. 


{ 
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Table 10 Drive List (DST) 


Pe Ee a ee Sd 
oe ee 





* Depends on the state of BUS, /BUS, — BUS, /BUS, : 


Each bit of DST indicates drive interface input signal level. 
DSTO (1 byte) is reported in ST506 interface, and DSTO—3 
(4 bytes) are reported in SMD interface. 


In ST506 interface, the WFLT bit in DSTO indicates the signal 
level of WFLT pin. Even if WFLT signal is momentarily 
asserted, the internal latch memorizes this and reflects its state 
on WELT bit. When WFLT signal is negated, the latch read 
operation by the HDC clears this latch. 


In SMD interface, the HDC reads 8 bits by 4 words of the 
drive status signal which is selected by signals TAG2 and TAGS. 


Status 





Following (1) through (5) are read during CKV command 
execution and checked during disk access command execution. 
DST1 through DST3 are referred to during CKV command 
execution. 


Status that each bit in DST1—3 indicates may vary according to 
the drive connected to the HDC. Following descriptions indicate 
DST bit function when the HDC is connected to a Hitachi 8” 
disk drive, DK-812S. 


(1) URDY (Unit Ready) 
This bit indicates that a selected drive is in ready state. 


(2) OCYL (On Cylinder) 
This bit indicates that a head is positioned correctly on a 
track. 


(3) SKERR (Seek Error) 
This bit indicates that errors have been detected in a drive 
during seek operation. 


(4) FLT (Fault) 
This bit indicates that errors relevant to disk access have 
been detected in the drive. Result parameter DST1 
indicates what type of error has occurred. See (6) through 


(11) for DST bits indicating error status. 


(5) WPRT (Write Protected) 
This bit indicates that a selected drive is write protected. 


(6) SERRI1 (Status Error 1) 
(7) SERR2 (Status Error 2) 
(8) WERR1 (Write Error 1) 
(9) WERR2 (Write Error 2) 
(10) WERR3 (Write Error 3) 
(11) SELER (Select Error) 
(12) SAD1-—32 (Sector Address) 
(13) DTP1—32 (Drive Type) 


EA (Error Address) 

Reports the start address (16 bits) of a byte from where the 
burst error that is detected during CKE command execution 
exists. The high-order 8 bits are EAO, and the low-order 8 bits 
are EAI. As the HDC corrects up to 11 bits of burst error, the 
MPU corrects contiguous 3 bytes starting from a byte specified 
by EA. EA = $0000 indicates a start address of sector data. 


EP (Error Pattern) 

Reports EPO, EP1, and EP2 as the pattern required for error 
correction as a result of CKE command execution. The MPU 
exclusive-OR 3-byte data containing errors with EPO, EP1, and 
EP2. 


FLAG (Flag) 
Reports the same value as FLAG specified by command 
parameters. 


LCA (Logical Cylinder Address) 
Reports the same value as LCA specified by command 
parameters. 


LHA (Logical Head Address) 

Bit organization of LHA is the same as that of the command 
parameter LHA. In multiple track operation, LHA is in- 
cremented by one each time access to one track ends. 
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LSA (Logical Sector Address) 

Bit organization of LSA is the same as that of the command 
parameter LSA. In multiple sector operation, LSA is in- 
cremented by one each time access to one sector ends. 


PHA (Physical Head Address) 

Bit organization of PHA is the same as that of the command 
parameter PHA. In multiple track operation, PHA is in- 
cremented by one each time access to one track ends. 


PSA (Physical Sector Address) 

Bit organization of PSA is the same as that of the command 
parameter PSA. In multiple sector operation, PSA is in- 
cremented by one each time access to one sector ends. 


SCNT (Sector Count) 

Bit organization of SCNT is the same as that of the command 
parameter SCNT. In multiple sector operation, SCNT is de- 
cremented by one each time access to one sector ends. When 


SCNT reaches “0”, command execution normally terminates. 


SSB (Sense Status Byte) 

This is the area where 8-bit error code is set ($00 is set for 
normal termination). There are 25 error codes which notify 
what kind of error has occurred during the command execution 
(See Tables 11-14). 


US (Unit Select) 
Reports the same value as US specified by command parameters. 


VUL (Valid Unit List) 

VUL is a bit-mapped list which gives the address of a drive that 
is ready to accept a head positioning or a disk access command. 
Its bit organization is the same as that of CUL. This bit is set 
when seek operation in the drive is terminated, or when SPC 
command is executed. This bit is reset when seek operation 
starts, when drive error occurs, or when the bit in CUL cor- 
responding to the drive is not set to “1”. 


Table 11 Error Codes Relevant to Host Interface 


Contents 
ABT command has been accepted. 
An invalid command has been accepted. 


The command parameter has not been stored in an appro- 
priate area in PB. 


Head positioning, disk access, and drive check commands 
have been accepted, before SPC command is executed. 


The TST command is received after SPC command has been 
received. 


Table 12 Error Codes Relevant to Drives 


Contents 
USELD signal for a selected drive has not been returned. 
WELT signal (ST506 interface) or FLT signal (SMD 
interface) has been detected. 
READY signal has been negated. 


Table 13 Error Codes Relevant to Head Positioning Commands 


ABT | Command Aborted i OAL 
IVC Invalid Command eo ose: 
NIN Not Initialized | 
Mnemonic | _—=—=ssName =| Error Code 
NUS No USELD hae | 
INC Invalid NCA 
ISR Invalid Step Rate 
SKE Seek Error 


Contents 
SCP signal (ST506 interface) or the SKEND signal (SMD 
interface) has not been returned in a certain period. 
SEK, or a disk access command has been issued for a drive 
in seek operation. 
NCA (Next Cylinder Address) greater than NC (number of 
cylinders) has been specified. 
The highest-speed seek has been specified in the normal 
seek mode. 


| SEK or a disk access cormmand has been issued to a drive 
which is in seek error state (SMD only). 
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Table 14 Error Codes Relevant to Disk Read/Write Commands 


OVR Over Run 


CONTROL SEQUENCE FOR ST506 TYPE DRIVE 


DISK READ 

The ID search timing for RD or WD command execution is 
shown in Figure 27. (a) is the timing where AM is found. SYNC 
signal is negated 4-bit period (on the basis of disk data) after 
CRC pattern of ID area is completed. After reading CRC, the 
HDC switches the clock in the satellite processor from RCLK to 
WCLK and then negates SYNC signal. 


RCLK and WCLK clock signals are independent each other. To 
remove the hazard during switching, the switching signal and the 
clock signal must be synchronized. Therefore, SYNC is normally 
negated 4-bit period after reading CRC to switch the clock in 
the satellite processor from RCLK to WCLK. 


RGATE signal is usually negated 4-bit period after SYNC signal 
is negated, and then asserted again one to two-byte period later 
to read SYNC area preceding DATA area. RGATE is asserted 
for 1-byte period when the AMEX bit is set to “1” during SPC 
command execution, and for 2-byte period when set to “O”. 


When AM is not found as shown in (b), the HDC searches for 
AM again by negating both SYNC and RGATE signals. RGATE 
signal is usually negated 4-bit period after SYNC signal is 
negated, and is negated for 2-byte period. 


As the MFM is specified during SPC command execution, the 
frequency of clock signals synchronizing with disk data (such as 
RCLK, WCLK) is doubled compared to the data transfer rate. 


Error Code 


oO 


2) 


BS 


Contents 


A transfer between the main memory and data buffers has 
not caught up with a transfer between a drive and data 
buffers. 


PHA (Physical Head Address) greater than NH (Number of 
Heads) has been specified. 


A data error has been detected by ECC (Error Correction 
Code). 


A CRC (Cyclic Redundancy Check Code) error has occurred 
in DATA area. 


An ECC error detected in DATA area has been 
automatically corrected. 


A fatal ECC error has occurred in DATA area. 
The address mark in DATA area has not been detected. 


In CMPD command execution, data from the host and disk 
data have not coincided with each other. 


A CRC error in ID area has been detected in RID 
command execution in SMD interface. 


ID has not been found in the period specified by TO (Time 
Over). 


The ID area that begins with improper address mark has been 
detected. 


WD command has been issued to a drive where the write 
protect signal is asserted (SMD interface) 


Therefore, “4-bit period” or “l-byte period” description is 
formally expressed as “8 WCLK cycles” or “16 WCLK cycles” 
respectively. 


After reading DATA area and ECC or CRC area by RD com- 
mand execution, RGATE and SYNC signals are negated in the 
same timing as they are negated after reading ID CRC area (see 
Figure 27 (a)). 


DISK WRITE 

The timing of WGATE signal for WD command execution is 
shown in Figure 28. The HDC negates RGATE signal after 
reading ID area. Then WGATE signal is asserted 1 or 2-byte 
period after RGATE is negated (2-byte when AMEX specified by 
SPC command is at “0”, 1-byte when AMEX is at “1”). WGATE 
signal is negated immediately after PAD of DATA field ends. 


The relation between IDX signal and WGATE signal during 
WFM command execution is shown in Figure 29. WGATE 
signal rises almost simultaneously with IDX signal (refer to elec- 
trical characteristics) , and falls 3-byte or 4-byte period after IDX 
signal rises. The condition of EARLY and LATE signal genera- 
tion is shown in Figure 8. 


HEAD POSITIONING 

The relation between DIR, STEP, and SEEK signals is shown in 
Figure 30. The unit is the number of CLK cycles (tey¢). 

When 8 MHz clock signal is supplied to CLK, STEP signal is 
output at least 33.8 ys after DIR signal becomes valid. 
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Data bit 


Clock bit 





Figure 8 Write Precompensation 





CONTROL SEQUENCE FOR SMD TYPE DRIVE 


DRIVE SELECTION, STATUS CHECK, FAULT CLEAR 
The HDC performs drive selection, status check, and Fault 
Clear, for all disk control command execution. Figure 35 
shows the drive selection timing. The drive receives BUS, /BUS, 
—BUS,/BUS, from the HDC and latches them using UTAG 
signal. If the drive judges that its own drive number is specified, 
it returns USELD signal within 9 CLK after the detection of 
UTAG signal. Figure 36 shows the drive status check sequence. 
The HDC changes the direction of BUS,/BUS, —BUS,/BUS, 
before reading the status. Then the HDC sets BUSL/H signal to 
high, therefore, the external circuit of the HDC can supply drive 
Status signal to the HDC during this period. At this time, 
BUSL/H is in high, and lower 5 bits are input to the HDC. 


The HDC resets FLT after reading the drive status which 
includes Fault, and the timing is shown in Figure 37. To set the 
high-order 5 bits of BUS outputs to low, the HDC sets BUS)/ 
BUS,;—BUS,/BUS, to low, and asserts TAG3 signal with 
maintaining BUSL/H in low. In external circuits of the HDC, 
BUS, /BUS,; —BUS,/BUS, is latched by using TAG3 signal asa 
strobe signal. If BUSL/H is in low, external circuits must be 
used not to supply TAG3 signal of the HDC to the drive. Then, 
the HDC outputs the low-order 5-bit information to BUS9/ 
BUS; —BUS,/BUS,, sets BUSL/H signal to high, and asserts 


TAG3 signal. The external circuits provide the drive with above 
mentioned 5-bit latch outputs, the low-order 5-bit outputs on 
BUS,/BUS; —BUS,/BUS,, and TAG3. In Fault Clear, BUSL/H 
signal is in high, and only BUS,/BUS,g is in high. 


Head selection is performed by disk access commands. Figure 
40 shows the head selection timing. Upper 5 bits are in low, 
and the head address is supplied from the low-order 5 bits of 
BUS. At this time, TAG2 signal is used as a strobe signal. 


Further, in the execution of disk access command group, the 
HDC asserts TAG3 and generates RGATE or WGATE signal.: 
Figures 41, 42 and 43 show the total sequence. When TAG3 is 
asserted, the high-order 5 bits of BUS output Strobe Early/ 
Late and RTZ (it is not used for disk access). Then, the HDC 
outputs the low-order 5 bits. Servo offset is specified in figure 
42. When TAG3 is asserted along with BUS, /BUS, or BUS;/ 
BUSs, servo offset is performed in the drive. Therefore, the 
head is moved and the HDC waits until SKEND signal is re- 
turned from the drive. Then, the HDC asserts BUS, /BUS, and 
supplies RGATE signal to the drive to perform the read 
operation. 


Figure 43 shows assert/negate timing of RGATE and WGATE 
signals which correspond to the disk format. During disk access 
command or ID read command execution, RGATE signal is 
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asserted after a time period corresponding to byte count of disk 
data has elapsed since IDX or SEC signal is detected. After read- 
ing CRC, the HDC itself switches the clock to WCLK signal, 
then negates RGATE signal with a typical delay time equivalent 
to 8 bits of disk data. 


To read the data field, the HDC asserts RGATE again with a 
dwell time of 1—2 bytes period. RGATE is negated for 1-byte 
period when AMEX bit is set to “1” during SPC command ex- 
ecution, and 2-byte period when AMEX bit is set to “0”. The 
HDC negates RGATE signal 8-bit period after reading CRC or 
ECC in data field. 


To write the DATA field, the HDC reads ID area and asserts 
WGATE signal 1—2 bytes period after RGATE signal is negated. 
WGATE signal is to be negated when DATA PAD ends. During 
WFM command execution, WGATE signal rises in the same 
timing as IDX signal, and is negated 3—4 bytes period after IDX 
or SEC signal is detected. 


Figure 38 shows the execution timing of RCLB command. RTZ 
instruction is supplied to the drive through BUS,/BUS, and 
TAG3. Figure 39 shows the execution timing of SEK command. 
10-bit cylinder address is output through BUS» /BUS, —BUS,/ 
BUSo, 5 bits at a time. Strobe signal is TAG1 at this time. 


Figures 44, 45, 46 and 47 shows the execution timing of CKV 
command. The HDC reads 8-bit drive status through BUSo/ 
BUS, —BUS,/BUS,, 3 bits first and then 5 bits. Then the HDC 
reads status four times by switching TAG2 and TAGS signals. 
Switching order is: [TAG2 = 0, TAGS = 1], [TAG2 = 0, TAGS 
= 1], [TAG2 = 1, TAGS = 0], [TAG2 = 1, TAGS = 1]. 


COMMON CONTROL 


The control which is common to both ST506 and SMD inter- 
faces is described in this section. 


AUTOMATIC CORRECTION 

In SPC command execution, the HDC operates in automatic 
correction mode if the host sets both ECD and ACOR bits in 
OMO to “1”. If a sector with correctable errors is detected, the 
erroneous data is corrected in data buffers. Automatic correc- 
tion is normally performed only when the sector length is 
256 bytes. Specification of the automatic correction mode is 
prohibited when the sector length is longer than 512 bytes 
because it causes the erroneous operation of the HDC. 


If DTM (Data Transfer Mode) bit in OMO is set to “1” as well 
as ECD and ACOR bits during SPC command execution, the 
HDC transfers the corrected data to the main memory in DMA 
mode after the automatic correction. Then, the command 
execution abnormally terminates. When DTM = 0, the command 
execution abnormally terminates after the automatic correction 
and data transfer is not performed. If the HDC finds the data 
uncorrectable, the command execution abnormally terminates 
without data transfer regardless of the state of DTM bit. 


CORRECTION BY HOST 

The host corrects erroneous data detected during RD command 
execution when it sets ECD and ACOR bits in OMO to “1” and 
“Q” respectively. When ECD bit is set to “1”, the host corrects 
erroneous data detected during RED command execution if 
necessary, regardless of the status of ACOR bit. The command 


HD63463 


execution abnormally terminates when erroneous data is 
detected during any command execution. Then $40 is set to 
SSB when an error is correctable, $4C when not correctable. 


When DTM = 1, the HDC sends 1-sector data including an error 
during RD or RED command execution and then abnormally 
terminates the command execution. After confirming that $40 
is set to SSB, the host issues CKE command to the HDC. 


When DTM = 0, the HDC abnormally terminates the command 
execution after 1-sector data including an error is stored in the 
data buffer during RD or RED command execution. After con- 
firming that $40 is set to SSB, the host issues BTM command to 
the HDC after DMAC’s initialization, or, issues OPBR command 
and reads data buffers using move and load instructions and 
then stores buffer data to the main memory. Then, the host 
issues CKE command to the HDC. 


Receiving CKE command, the HDC calculates an error address 
(EA) and an error pattern (EP), and then sends result param- 
eters to the host. The erroneous data exists in three contiguous 
bytes of the corresponding sector in main memory. EA indicates 
start address of this 3-byte area ($0000 indicates a start address 
of sector data). The host exclusive-OR the 3-byte area and EP 
to correct erroneous data. 


The host judges CKE command execution end from status 
change of BSY bit from “1” to “0”. When SSB is $4C, CKE 
command issue is prohibited as it causes the erroneous 
operation of the HDC. Even if errors are reported to be cor- 
rectable (SSB = $40) during RD or RED command execution 
and the host issues CKE command, these errors may turn out 
to be not correctable after CKE command execution. 


DMA DATA TRANSFER 

In DMA data transfer, the HDC selects one of two modes: 
Burst mode and Cycle Steal mode. DMA transfer mode is 
specified by BRST (burst) bit which is a command parameter 
of SPC command. 


In Burst mode (BRST = 1), the HDC maintains DREQ signal at 
low level until data transfer is terminated. DREQ signal is 
negated when DONE signal is input synchronously with DACK 
signal, or when DMA transfer of data in 256-byte internal data 
buffer is finished. 





In Cycle Steal mode (BRST = 0), the HDC asserts DREQ signal 
until DACK signal is asserted. The HDC negates DREQ signal 
when DACK signal assertion is detected. DREQ signal will be 
reasserted if DACK is negated and the HDC has the transfer 
request. The DMA transfer conditions of Cycle Steal mode are 
the same as those of Burst mode. 





DATA TRANSFER IN HOST INTERFACE 

DMA Data Transfer in Disk Access 

DMA data transfer mode, either Burst mode or Cycle Steal 
mode, is selected by BRST bit specified by SPC command. 
Figure 9 shows DMA data transfer sequence during RD and 
RED command execution. For 256-byte sector, (a) shows the 
case that the host computer reads the disk data from data 
buffers (DBUFO and DBUF1) by DMA at a high speed. The 
capacity of two data buffers is 256 bytes for each. 


© HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


433 


HD63463 


If data buffers are not provided, most of high-speed host bus is 
occupied by transferring drive data during low-speed reading of 
drive data. 


Internal data buffers can separate high-speed host bus timing 
and low-speed drive data timing, which effectively shorten drive 
data transfer time in host bus. Therefore, host system through- 
put is notably improved. The data transfer from data buffers to 
the main memory is performed only when the HDC is reading 
ID area or DATA area of the disk, but is exceptional when data 
in the last sector is transferred to the main memory during the 
multiple sector operation. 


Figure 9 (b) shows the low-speed DMA transfer of the host in 
256-byte sector organization. According to the figure, DBUFO 
receives data of the sector 1, and DBUF1 receives that of the 
sector it1. While DBUF1 is receiving the data of sector i+1, the 
data transfer from DBUFO to the main memory cannot be 
finished because the host cannot operate promptly. Therefore, 
being unable to receive the data of it2, DBUFO waits until the 
disk makes one rotation (all data of DBUFO is sent to the main 





manner, no data overrun occurs even if operation speed of the 
host is slow. Therefore, an interleave format is not required. 


Figure 9 (c) indicates the sequence in 512-byte sector organi- 
zation. Capacity of buffers is 256 bytes tor each, and each 
buffer stores disk data and transfers the data to the main 

memory alternately. Therefore, buffers effectively operates in 

toggle fashion even if sector length exceeds 256 bytes, and host 

system throughput is improved. If operation speed of the host is 

too slow, data overrun may occur because data buffer cannot be 

emptied to receive disk data. The data transfer from data buffer 

to main memory must be terminated while the HDC is accessing 
disk data in ID or DATA area.. 


If the HDC receives DONE signal from the DMAC during RD 
or RED command execution, the HDC immediately terminates 
DMA data transfer. Disk reading operation continues until the 
HDC finishes reading the sector which has been read when 
DONE signal is applied. 


Format |__ Sectors |] Sector [] Sector#2 || Sector 3 _| 
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(a) Sector Length = 256 bytes (Fast Host Bus) 
— Q-sector interleave — 
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(b) Sector Length = 256 bytes (Slow Host Bus) 
— Free from Data Overrun — 
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(c) Sector Length = 512 bytes 


4 . Disk —»Data Buffer 
Cth : Data Buffer —»Main Memory 


Figure 9 DMA Data Transfer in Read Data and Read Erroneous Data Command Execution 
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DMA data transfer during WD and CMPD command execution 
is shown in Figure 10. This figure differs from Figure 9 (a) in 
data transfer direction, DMA transfer order, and access method 
of first and last sectors. In Figure 10, the host is fast and sector 
length is 256 bytes. When the host is slow and sector length is 256 
bytes, or when sector length is 512 bytes or more, data transfer 
sequence is the same as Figure 9. 


When the HDC receives DONE signal from the DMAC during 
WD command execution, the HDC immediately terminates 
DMA data transfer. Then all data stored in DBUFO and DBUF1 
are written to DATA area of the sector. If there is any room in 
DATA area after writing buffer data, the old data in buffers is 
written to DATA area. After DATA area is filled with buffer 
data, command execution terminates. 


When the HDC receives DONE signal from the DMAC during 
CMPD command execution, the HDC immediately terminates 
DMA data transfer. However, the data of the sector which has 
been accessed when DONE is received, is used for comparison 
with disk data, further, the reading opération continues until 
reading of the sector is finished. Therefore, $50 (Not Hit) is 
set to SSB in most cases when reading of the sector is finished, 
and then the command execution abnormally terminates. 


Disk 
Format 


HD63463 


DMA data transfer during RID or FID command execution is 
performed as follows (see Figure 11). When DBUF0 is filled with 
ID information, DBUF1 receives the succeeding ID informa- 
tion. DMA data transfer is not performed unless all the ID infor- 
mation is stored in data buffer. After DBUFO with/without 
DBUF1 finishes accepting ID information from specified 
number of sectors, data are sent to the main memory by DMA. 
DMaA data transfer continues until 512-byte transfer is finished. 


DMA data transfer can be stopped when the DMAC sends 
DONE to the HDC. Therefore, the host can store only the 
necessary ID information to the main memory by setting the 
number of ID areas to be read, to the DMAC. 


DMA data transfer during WFM command execution is shown 
in Figure 12. The HDC starts formatting operation when both 
DBUF1 and DBUF'1 are filled with ID information from the 
host. The HDC writes data buffer data to the ID area of a 
specified sector, and writes fixed pattern to other area such as 
DATA area. When DBUFO becomes empty during formatting 
operation, DBUF1 becomes the source in turn. When the DMAC 
issues DONE signal to the HDC, the HDC stops data transfer to 
data buffers and starts formatting. Therefore, the host can write 
only the necessary ID information to data buffer by setting data 
of how many ID areas to be transferred, to the DMAC. 





| Sector i_] | Sector i+i] [Sector i+2] [Sector i+3_ 


SQ mommy! + 


DBUF | 


ae: 
hoa 


Host Bus 





canteens tite 


U1) 
Is 


: Data Buffer > Disk 
: Main Memory > Data Buffer 


Figure 10 DMA Data Transfer in Write Data, Compare Data Command Execution 


(Sector Length = 256 bytes) 


Disk. 
Format 


DBUF0 
DBUF I 


Host Bus 


| Sector i_| [Sector i+i{ {| [ Sector] | Sector j+1| 


E==3 : Disk > Data Buffer 
////A : Data Buffer > Main Memory 





Figure 11 DMA Transfer in Read ID, Find ID Command Execution 
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ee | Sector i_| | Sector i+1] \| | Sectorj | | Sector j+1 


Format 


DBUF0 


WS 


DBUF | 


Host Bus 





Data Buffer > Disk 
: Main Memory > Data Buffer 


CO : 


YQ 


Figure 12 DMA Data Transfer in Write Format Command Execution 


DMA Data Transfer by Data Transfer Commands 

Accepting data transfer commands, the HDC can perform DMA 
data transfer between the main memory and data buffers with- 
out disk access. Either Burst mode or Cycle Steal mode is 
selected by the BRST bit of SPC command parameter. There 
are two commands available, BTM and MTB. 


Selection of either DBUFO or DBUF1, and access start address 
of each buffer (address 0 to 250 are specifiable), are specified 
by POFF (Pointer Offset). POFF is set to the data buffer 
pointer by command execution. 


Data buffer pointer is incremented each time the DMAC 
accesses data butter (+2 for 16-bit bus mode, +1 for 8-bit bus 
mode). Data buffer data is not guaranteed if data buffer pointer 
exceeds address 255. Receiving DONE signal from the DMAC, 
the command execution immediately terminates normally, and 
the CED bit in STR is set to “1”. Receiving above data transfer 
commands, the HDC requests transfer by issuing DREQ signal 
to the DMAC within 150 CLK cycles. 


Data Buffer Access by PiO 

The host MPU can access data buffers by move or load/store 
instruction (Programmed I/O). In this case, the host issues 
OPBR or OPBW command prior to PIO access. Receiving these 
commands, the HDC sets BSY bit in STR to “1”. Then the HDC 
sets data buffer pointer, sets BSY bit to “0’’, and terminates 
the command execution. It takes up to 100 CLK cycles from 
the command reception to BSY bit clear. Before issuing above 
commands, POFF must be specified by command parameters. 
POFF specifies either DBUFO or DBUF1 to be accessed, and 
access start address (specifiable range is address 0 to 255). 


The host issues move instruction to the HDC after confirming 
that BSY = 0. Data buffer pointer is incremented each time the 
HDC receives move instruction (+2 for 16-bit bus mode, +1 for 
8-bit bus mode). If the pointer exceeds address 255 during data 
transfer in PIO mode, the buffer data is not guaranteed. The 
host must issue RCAL command to close the buffer. 


Notes on Data Buffer 









High Speed DMA 
(O-sector inter- 
leave) 
PIO 


Low Speed DMA 
(free from over- 
run) 


Automatic 
Correction 














© : Provided 


Others ; 

Recall command — After the host issues RCAL command, the 
HDC finishes the operation within up to 40 CLK cycles and 
clears all bits in STR. 


Test command — After the host issues TST command, the HDC 
makes drive output pins floated within 60 CLK cycles. To 
cancel this state, RES signal is to be externally supplied. 


Specify command — After the host issues SPC command, the 
HDC makes the drive interface pins fitted for either ST506 or 
SMD, and clears BSY bit within 250 cycles. 


Abort command — After the host issues ABT command, the 
HDC negates all drive output pins within up to 180 CLK cycles, 
terminates all operation within 300 CLK cycles, and clears BSY 
bit. Receiving this command, the HDC clears all internal flip- 
flops, but the value of the control register which has been set 
by SPC command still remains. 


Reset — Reset is not a command, but after receiving RES signal, 
the HDC terminates initialization within up to 150 CLK cycles 
and clears BSY bit. 
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ABSOLUTE MAXIMUM RATINGS 


item Unit 
Input Voltage Vin “1 V 
Output Current par Pin et 
Total Output Current [se 8 


*1 This value ts in reference to Veg = OV. 


*2 The allowable output current is the maximum current that may be drawn from, or flow out to, one output terminal or one input/output 
common terminal. 


*3 ‘The total allowable output current is the total sum of currents that may be drawn from, or flow out to, output terminals or input/output 
common terminals. 


(Note) Using an LSI beyond its maximum ratings may result in its permanent destruction. LSI’s should usually be used under recommended 
Operating conditions. Exceeding any of these conditions may adversely affect its reliability. 


RECOMMENDED OPERATING CONDITIONS 


Item | Symbol | Min | Typ | Max Unit 


Supply Voltage Veco” 4.75 


* This value is in reference to Vss = OV. 
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ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Vcc = 5.0V + 5%, Vsg = OV, Ta = 0 — 70°C, unless otherwise noted) 


6 MHz 8 MHz 
ers peers 
Test 
Item Symbol a 6 —— 8 Condition 


Input High Level All Inputs a oe pn = 
Voltage 
Input Low Level All Inputs 
Voltage 
R/W, CS 


Input Leak Current mill A =0-—Vcc 
Hit - 
Output High Level 


Voltage 

All Outputs 
Output Low Level lo. = 2.2 mA 
Voltage 
Output Leak Cu. ent = oe LA | Vou = Vcc 
(Off State) 


(to be continued) 
*1 These signals are defined when HDC is in Test mode or when drive interface is not specified. Otherwise, these signals are not defined since these 
are switched to output signals. 





RWDATA 
SKEND 
WGATE'2/BUS, /BUS; 


EARLY/ |BUS, /BUS, 
RGATE*1 










Three State 
(Off State) Input 
Current 













LATE/ |BUS,/BUS, 
STEP*1 
WFLT BUS; /BUSs 


LCT/DIR'l| BUS, /BUS, 
READY | BUSL/H* 


*2 This signal is defined when HDC is in test mode, otherwise this signal is not defined. 
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Test 


6 MHz 8 MHz 
Version Peay 


Item Symbol | 14p63463-6 — 8 Condition 
=O0V 
Vin 
Cain Ta= 25°C 
f = 1.0 MHz 


Signal Capacity 


gO OO 2 2 S| 2 
ols ° PPS) % Om 
~;O z\” 

0” m 

a 

—y 
|= i 
hn 7 

ms 





WCLK 
RCLK 
SKEND 
BUS) /BUS; 
BUS, /BUS, 
BUS, /BUS, 
BUS, /BUS, 
BUS,/BUS, 
SEC 
USELD 


* Data bus in read/ 

Current Consumption mA| write operation 
* Command execu- 

tion in progress 
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AC CHARACTERISTICS (Vcc = 5V + 5%, Vsg = OV, Ta = 0 — 70°C, unless otherwise noted.) 
Clock Timing 







6MHz Version 8MHz Version 


Test 


Symbol HD63463-6 | HD63463-8 Unit 


Condition 





3 
a) 
x 





1 | Clock Cycle time tCYC 


2 | Clock Low Level tPWCL 
| Pulse Width 





3 | Clock High Level tPWCH 


' Pulse Width 


4 ! Clock Rise Time tCR 
§ | Clock Fall Time tCF 


6 ! Write Clock tWCYC 









: Cycle time 






‘ Write Clock Low tPWCL 


' Level Pulse Width 


See Figure 15 
tWCH 


' Write Clock High 
: Level Pulse Width 
! Write Clock tWCR 
: Rise Time 

' Write Clock tWCF 
: Fall Time 


' Read Clock tRCYC 


! Cycle Time 


| Read Clock Low tRCL 







' Level Pulse Width 


| Read Clock High tRCH 





| Level Pulse Width 


: Read Clock tRCR 


! Rise Time 


| Read Clock tRCF 


| Fall Time 
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———_ 


Data Bus Configuration and 








IRQ 
6MbHz Version 8MHz Version 
Test 
‘i 463- : 
Symbol HD63463-6 HD63463-8 Unit isin 


tcyc 
: Pulse Width 
22: DACK Setup Time tDACKSR . 
See Figure 16 
| for RES 
23 | DACK Hold Time tDACKHR 
| For RES 


24 : IRQ Delay Time! tIRD1 | 00 | — | 150 | ons See Figure 17 
26 | RES Rise Time tRESR = fw f — fo | as | See Figure 16 











21 | RES Input 
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MPU Interface 







6MHz Version 8MHz Version 


Test 


Symbol HD63463-6 | HD63463-8 | Unit 


Condition 





31 | R/W Setup Time tRWS 60 





| for CS Assert 


32 | R/W Hold Time tRWH 0 


33 ! RS Setup Time tRSS 60 





! for CS Assert 


: aie } pt yry 
See Figures 
_ ; bk _ 


| Setup Time 


39 | Write Data 





' Hold Time 


io DTAGK Delay Time | wrk | — | | — | | rw 








41 | DTACK Hold Time tDTKLH | — | so | — | 60 fons 


43 ! Data Bus 3 State tDBR 0 


_ ; wey 





: Recovery Time 
44 | Read Data 
: Access Time 


45 | Read Data tRDH 10 


! Hold Time 


46 | CS Fall Time tCSF —- 
47 | CS Rise Time tCSR — 
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DMA Interface 










8MHz Version 





Test 


HD63463-8 uy 
Condition 


Unit 







6MHz Version 
: DREQ Assert tDRAD1 
' Delay Time 1 


HD63463-6 
51 | DREQ Negate tDRND1 aa 
— ae 
_ wi 


7 ua 


_ wank 
tDRWH 
' Hold Time 





' Delay Time 1 







: (Cycle Steal Mode) 






| DREQ Assert 


| Delay Time 2 








| (Cycle Steal Mode) 







| DREQ Negate 





! Delay Time 2 


54 | DREQ Negate 











: Delay Time 3 






! (DONE Assert) See Figures 


55 | DMA R/W Setup 20 and 21 












: Time 


! DMA R/W 








57 | DACK Setup Time tDACKS of 


58 | DACK Negate Hold| tDACKHN 
! Time 


59 ! DACK Negate Width tDAKNW 


rate ees 
60 | DMA Write Data wid 
me 
mee 
fied alll ak el 


(to be continued) 











: Setup Time 





61 | DMA Write Data 






' Hold Time 


62 | DMA DTACK Delay 











: Time 


63 | DMA DTACK Hold 








! Time 
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6MHz Version 8MHz Version 
; Test 
Symbol HD63463-6 HD63463-8 Unit Condition 


co 

: DONE Input tPWDN tcyc 

: Pulse Width 

: DMA Data Bus tDDBR 

: 3 State 

: Recovery Time See Figures 


: DMA Read Data tDRDH 
| Hold Time 


69 | DACK Fall Time tDACKF 
10 | DACK Rise Time tDACKR 


tcyc 





| DMA Read Data tDRDAC 10 20 and 21 
: Access Time 
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ST506 Interface ce 






6MHz Version 8MHz Version 
HD63463-6 | HD63463-8 Unit 


Test 


No. | Item Symbol 


Condition 


tcyc 
See Figure 22 
for Index 


112! WELT Pulse Width tWFLT p= fo. 


tiIDXW 8tcyc Btcyc 
24twceyc 24tweyc 





110: USELD Setup tUSLDS 


' Time (for USEL) 


111; WGATE Delay Time tWGTIDX 





(Note 1) 
See Figure 23 








116: Write Data 





: Delay Time 
118| LATE/EARLY See Figure 24 
| Delay Time 
120; LATE/EARLY 


: Setup Time 





| (for Write Data) 


121! RGATE Delay Time tRGTD Ses 


123, SYNC Delay Time tSYND | aso | — | 
125: Read Data 
! Setup Time 


126! Read Data 


See Figure 25 








: Hold Time 


127: USELD-DIR Time tUS-DIR | om | — | 
128: STEP-USEL Time tSTPUS | | = | 


tcyc 


tcyc 


270 


129: DIR-STEP Time tDIRSTP 
130: STP-DIR Time tSTPDIR | ao | = | 
131; SEEK-USEL Time tSEKUS Por] = | 


132; SCP Wait Time 


tcyc 
tcyc | See Figure 26 


tcyc 






1.0X10’| tcyc 


ct 
n 
a) 
0 
= 
x 
S 


(Note 1) The index pulse width must satisfy min 8 tcyc and min 24 twcyc. 
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SMD Interface 














6MHz Version 8MHz Version 
Symbol | HD63463-6 | HD63463-8 Test 
Condition 
tiIDXW 8tcyc | Stcyc | Btcyc | 50tcyc (Note 2) 
12tweyc 12tweyc 






Index Pulse Width 















See Figure 32 
tUSLDS 7 7 tcyc 
See Figure 31 


| USELD Setup 


: Time 













tPWSET 50tcyc (Note 2) 
See Figure 32 


tWGTSEC 


See Figure 33 





152: Sector Pulse Width 






' WGATE Delay Time 








| for SEC/IDX 


156; REGATE Delay Time 








158 | Read Data 






! Setup Time 


159 ! Read Data 








' Hold Time 


165: WGATE Delay Time tWGTD _ 130 | — | 1s | ons | 


‘ ei mee —_ 


(Note 2) The index sector pulse width must satisfy min 8 tcyc and min 12 twcyc. 






: Delay Time 
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Load Condition 


RL=18kQ 
C = 40 pF 


SYNC 
WGATE BUS, /BUS, R= 10k2 
EARLY/ 


LATE/ 
STEP BUS,/BUS, All diodes are 
z BUS3/BUS, 182074 (H)’s or 
LCT/DIR BUS, /BUS, the equivalent. 
USELO TAG! 
USEL1 TAG2 
HSELO TAG3 
HSEL1 UTAG 
HSEL2 TAGS 
SEEK BUSR/W 
- BUSL/H 


Test Point 





Figure 13 Test Load Circuit A 


CLK (in) 


RL=1.8 k2. 
C=40 pF 





Figure 14 Test Load Circuit B 





Figure 15 CLOCK 
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RES (in) 


DACK (in) 


CLK (in) 


TRG (out) 





Figure 17 IRQ Output Timing 


n=min 7 (16-bit data bus) 
n=min 5 ( 8- es data bus) 
Pere crercccsseccceces n— 1 n 1 


2. 7 V 2.2V 
CLK (in) 
_ = 7 


aay oo any 
RS (in) 0.8 V 0.8V 


CS (in) 


hector a nhs —|—4 pao 
@ 


(Note 1) 









DAC 666) 
0.8 V 
(Note 1) When using 16-bit data bus, DTACK is asserted from state 4, shown by a dotted line. 


(Note 2) When n *5 in 8-bit data bus or n *7 in 16-bit data bus, it is not necessary to 
satisfy and 


Figure 18 MPU Read Cycle 
HDC > MPU 
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oO 


CLK (in) 


© 
oo 
< 


R/W (in) 


| 

© 

eT - 
+) 


RS (in) 
37) 
Bq (Note 1) 


ed Bot 


CS (in) 


Do — Dis (in) 


DTACK (out) 


(Note 1) When n* 5, it is not necessary to satisfy @5 and 66 





Figure 19 MPU Write Cycle 
MPU > HDC 
(8 or 16-bit data bus) 
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OST 


O0€8-SEr (80b) © LELSE VO ‘eSOf UBS & enuary a/001,0 O1ZZ « ‘pry eoveWY IyoeH 


IHOV.LIH © 





R/W (in) 


DACK (in) 


Do — Dis (out) 


DTACK (out) 


DONE (in) 


n=min 7 (16-bit data bus) 
n=min 5 ( 8-bit data bus) 


cccensccceosccecess 1 Dikseeeene 


2.2V 
eee ra 
ie 


ay —2.0V V f¥oc—20N J Veco —2.0V 


0.8 V a EL 


69 |(Note 4) 
= = 22V 
08Vv yh 4 @| BL08V 

perun 


oats « ne ai (ae 


@ (Note 3) 


7 F—+ Vcc—2.0 V 


TMs 


(Note 1) This is the timing to negate DREQ signal when the 256th 
byte data is transferred to the HDC data buffer. 


(Note 2) DONE must be asserted to low while DTACK remains 
low. 


(Note 3) As shown by dotted lines, DACK is output synchronously 
with the falling edge of state 4 clock. 


(Note 4) When n + 5 in 8-bit data bus or n + 7 in 16-bit data bus, 
it is not necessary to satisfy and 


Figure 20 DMA Read Cycle 
HDC > Memory 


E9VE9QH 








O0ES-Ser (80r) © LELS6 VO ‘eSof ues » anuary 9/001,0 O1ZZ © “pi] BOveWY 1yoe}IH 


LSV 


IHOVLIH @ 


CLK (in) 


DREQ 
(out) 


R/W 
(in) 


DACK 
(in) 


Do — Dis 
(in) 


DTACK 


—_ 


rE i i 


Vec—2.0 V 


DU os os 


(Note 1) When n * 5, it is not necessary to satisfy 6) and 69 





Figure 21 DMA Write Cycle 
Memory > HDC 


E9VESTGH 
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USEL1 (out) 
USELO (out) 


USELD 
(in) 





Figure 22 USEL, USELD Timing (ST506) 


(Note 1) 
2.2V 


IDX (in) 


(Note 2) 


WGATE (out) 


(Note 1) 12 is minimum pulse width which HDC can recognize. 


(Note 2) ain is WGATE assert timing for DX during Write Format command execution. 





Figure 23 WFLT, IDX, WGATE Timing (ST506) 
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PY] Bovey !YoeyH 


O0E8-SEr (80) © LELSE VO ‘eSOf UBS e enuaAy 9/001,0 O1ZZ 


ESV 


IHOVLIH @ 


22VF 2.2V 2.2V 2.2V 


Vec—2.0 
WGATE (out) @ 


rwoatato— {XX | Near’ X [|X __, )»——— 
@ 2 @ 


LATE/EARLY (out) 


WCLK (in) 


RCLK (in) 


(2) 
Vcc—2.0 V 
RGATE (out) 


SYNC (out) 
——— es 


Vcc—2.0 V 


RWDATA (in) 





Figure 24 Write Operation (ST506) 





Figure 25 Read Operation (ST506) 


E9VE9CH 


HD63463 


(90G1S) Uoe1adQ Buluolisog peayy QZ aunbi4 


NER QE.CE. GQ AN = 


@ 
A80 A 0'7—29A (no) 4133S 


«) 


(3NO) d31S 


AODS—VA 
Ty) @) 


¥ ot 
AQZ—VPA 
bz) @ 


As80y _A80 } (no) 174aSN 
A O'T—99A AO'Z—29A (:no) o73SN 
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(a) AM is detected. 


Sector format PLO SYNC 


PLO SYNC 


1or2 
Bytes NOTE? 


Command issue . 
typ 8 bits —>r—o—__——», 
RGATE (READ) 


rpoaor 
-por 


SYNC 


' 
typ 4 bits ~»;—1<— ; 
to ‘ 


/ (WRITE) , 
WGATE 


(NOTE) 1 byte when AM is not included in error 
detection span, 2 bytes when AM is included. 


(b) AM is not detected. 


Sector format ‘00’ pattern ‘00’ pattern 


Command issue 2bytes | 
i] 
RGATE ' 


SYNC 


Figure 27 1D Search Timing Chart (ST506) 


ID 
PLO SYNC 
PAD 
' 


t 
—! t—typ 8 bits 
' 


Sector format 


ti 
tot 
—P, tH typ 4 bits 
| 
! 


my 
' 

1 or 2 bytes ———>, 
\ 





Figure 28 Write Data Timing (ST506) 
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! > 
' 


— ré—— Electrical characteristic 
' 





Figure 29 Write Format Timing (ST506) 


LCT/DIR 


| 270 ' 


t 

| 

LATE/STEP \ | \ \ 
' 


1 
' 
! 
| 
j 
ne min 
| 
I 
i 
I 
t 
D 


Command execution finished 
(Unit: CLK cycle) 





Figure 30 Seek, Recalibrate Command Execution Timing (ST506) 
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UTAG (out) 


USELD (in) 





Figure 31 UTAG, USELD Timing (SMD) 


IDX (in) 


SEC (in) 


® (Note 1) 
Vcc—2.0 V 


WGATE 
BUS,)/BUS; 
(out) 


(Note 1) G53) is WGATE assert timing for IDX/SEC during 
Write Format command execution. 





Figure 32 IDX/SEC, WGATE Timing (SMD) 
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8S 


00€8-SEr (80h) © LELGE VO ‘eSof ues « anueAry 3/001,.0 O12 © ‘PIT eovewY IYyoelH 


IHOV.LIH @ 


WCLK (in) 


RCLK (in) 


RGATE 
BUS, /BUS., (out) 


RWDATA (in) 


2.2 V 
WCLK (in) 


Vec—2.0V 


WGATE 
BUS »/BUS, (out) 





Figure 33 Read Operation (SMD) 





Figure 34 Write Operation (SMD) 


E9VESGH 





py] Boewy 1yoeH 


O0€8-SEr (80h) © LELSE VO ‘eSOf UBS e anuaAy 2001.0 OLZZ « 


6S 


IHOVLIH © 


UTAG (out) 


BUS L/H (out) 


BUS R/W (out) 


BUS,/BUS, — 
BUS,4/BUS, (out) 


USELD (in) 


13 tceyc 


Figure 35 Drive Select Operation (SMD) 


BUS,/BUS, 
BUS3/BUSs 
BUS, /BUS, 
BUS, /BUS., 
BUS)/BUS; 


Unit Select 2 
Unit Select 1 
Unit Select 0 





E9VE9GH 


O9v 


O0E8-SEr (807) © LELG6 WO ‘eSOf ues « ONUsAY 9/001 .C OlZZ e ‘py] ede 1Yyoe}} 


IHOVLIH © 


TAG 1,2,3,5 \ trem 


(out} 


BUS R/W (out) 
_ 20 tcyc 


BUS L/H (out) 
max 7 tcyc min 5 tcyc 


ae aaa 
BU U5 Un (C(O) 


[Fin | Trpat Signal Name] Abbreviation | 
BUS,/BUS, | Write Protect 


BUS3/BUSs Fault 
BUS,/BUS, | Seek Error 
BUS, /BUS. | On Cylinder 
BUS,/BUS; | Unit Ready 





Figure 36 Drive Check Operation (SMD) 


E9VE9GH 


‘py] eoueWy 1yoeH 


OOE8-SEr (80) « LELGS6 WO ‘eSOf UeS e aNuUaAy 9/001 ,.CO OlZZ e 


LOV 


IHOVLIH @ 


TAG 3 (out) 


BUS L/H (out) 


BUS R/W (out) 


BUS,/BUS,; — 
BUS,/B US» (out) 


BUSL/H = low 
ee | 
BUS, /BUS, 
BUS;3/BUSg, 
BUS, /BUS, 
BUS, /BUS, 
BUS, /BUS, 


Pe Se Ta 


min 6 tcyc 


Output Signal Name 


(Reserve) 


Strobe Late 
Strobe Early 


Return to Zero 


Reserve 


Figure 37 


typ 20 tcyc typ 6 tcyc 


Fault Clear Operation (SMD) 


BUSL/H = high 


BUS, /BUS, 
BUS; /BUSs 
BUS, /BUS, 
BUS, /BUS, 
BUS» /BUSs 


Output Signal Name 


Fault Clear 

Servo Offset Minus 
Servo Offset Plus 
Read Gate 

Write Gate 


Level 
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COV 


00E8-SEr (80r) © ELSE WO ‘eSOf ues e anusAy 9/00],0 OLZZ e ‘pry eQVeWY IYO} 


IHOV.LIH © 


TAG 3 (out) 


BUSL/H (out) | min 20tcyc | 


6 tcyc © Sp SS a UE 
BUS,/BUS, (out) 


max 1.0 x 10° tcyc 


oNeuMABER Gs De INN: 


max!.0X10° tcyc 


SEEK ERROR (in) RA LY. 


BUSL/H = low BUSL/H = high 


nee /BUS,| — Reserve BUS,/BUS, | Fault Clear 
3/BUS,| Strobe Late BUS;/BUS, | Servo Offset Minus 
BUS, /BUS, Strobe Early BUS, /BUS, Servo Offset Plus 
BUS, /BUS, Return to Zero I BUS,/BUS, | Read Gate 


BUS» /BUS,; Reserve BUS,)/BUS,; | Write Gate 





(Note) On Cylinder and Seek Error are checked by Polling command. 
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Figure 38 Recalibrate Command Execution Timing (SMD) 
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COV 


IHOVLIH @ 


TAG 1 (out) 
19 tye 19 tee or 


6 tcyc ae typ 20 tcyc , , typ 6 tcyc min 6 tcyc 
BUS) BUS; — Cylinder Address High | yi Cylinder Address Low 
BUS, BUS, (out) 


BUSL/H = low BUSL/H = high 

BUS, /BUS, Cylinder Address 9 BUS,/BUS, Cylinder Address 4 
BUS;3/BUS, Cylinder Address 8 BUS3/BUS, Cylinder Address 3 
BUS, /BUS, Cylinder Address 7 BUS, /BUS, Cylinder Address 2 
BUS, /BUS, Cylinder Address 6 BUS, /BUS, Cylinder Address 1 
BUS, /BUS; Cylinder Address 5 BUS, /BUS,; ! Cylinder Address 0 


(Note) After outputting the cylinder address, the minimum wait time until 
On Cylinder and Seek Error are returned from the drive is 
equivalent to that of Recalibrate operation. 





Figure 39 Seek Command Execution Timing (SMD) 
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TAG 2 (out) 


BUS L/H (out) 


BUS,)/BUS; — 
BUS, /BUS, (out) 


typ 20 tcyc typ 6 tcyc 


min 6 tcyc 


Head Address High (all 0) x Head Address Low 


BUSL/H = low 


| pm Output Signal Name Abbreviation 


BUS, /BUS» 
BUS;/BUS, 
BUS, /BUS, 
BUS, /BUS, 
BUS) /BUS; 


BUSL/H = 


=a Output Signal Name 


Head Address 9 BUS,/BUS, 
Head Address 8 BUS;3/BUS, 
Head Address 7 BUS, /BUS, 
Head Address 6 BUS, /BUS, 
Head Address 5 BUS) /BUS,; 


(Note) Head Address 5 — 9 are fixed at low level. 


Figure 40 Head Selection Operation (SMD) 


high 


Head Address 4 
Head Address 3 
Head Address 2 
Head Address 1 
Head Address 0 


Abbreviation 
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SOV 
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TAG 3 (out) 


BUS L/H (out) 


BUS RW (out) min 8 tcyc 


BUS, /BUS,; — 
BUS, /B US» (out) 


Figure 41 Read/Write Operation (1) (SMD) 


TAG 3 (out) 


BUS L/H (out) 


BUS R/W (out) 
(Note) 


SOFP, SOFM : == : 
BUS, /BUS,— ee eee 


BUS;/BUS, (out) max 79 x 10° — 80.x 10° tcyc (Note) 


SKEND (in) MVQQAAQAdY 


RGATE, WGATE 
a fee a + (Note) If either SOFP or SOFM is asserted 
USoIBUSs {out) | to high, the HDC remains in the 
SP ere aS Tc anne Ree Sa CS wait state until the SKEND is 
asserted to high. 
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Figure 42 Read/Write Operation (2) (SMD) 
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OOE8-SEr (80r) © LELSG VO ‘esof ues e enueAy 9/001,0 O17 « “pi] BovWeWY 1ydeIH 
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IDX/SEC (in) 


$e SS 
Y Y 
N N 
RWDATA iH LTele 7 ECC 
HEAD | PLO L C | ip PLo |P DATA| END 
: AIAL C | HIS] R A DATA or Next Sector 
(in/out) SCAT SYNC T Al |I5] 8 | Pho SYNC T CRC PAD REC 


(i) READ DATA (Note 1) 1 byte 


RGATE 
(BUS, /BUS.) (out) 


(ii) WRITE DATA 


1 or 2 bytes (Note 2) 


1 byte 


RGATE 
(BUS, /BUS.) (out) 


1 or 2 bytes (Note 2) 


WGATE 
(BUS )/BUS;) (out) 





(iii) WRITE FORMAT 


3 — 4 bytes 
WGATE 
(BUS,)/BUS;) (out) Vec—2.0 V 


(Note 1) RGATE must be asserted at the beginning of PLO SYNC area or earlier. 

(Note 2) 2 bytes when SYNC PAT is included in error detection span (AMEX = 0), 1 byte 
when it is not included (AMEX = 1). However, RGATE and WGATE rise at the 
beginning of PLO SYNC area. 





Figure 43 Read/Write Operation (3) (SMD) 
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TAG2, TAGS (out) 


BUS L/H (out) 


BUS R/W (out) 


BUS,)/BUS, — 


20 tcyc 


(KKK) aaa «(yyy)» 


BUSL/H = low BUSL/H = high 
[Fin | “Input Signal Name [Abbrevietion] © [[ Pin] Input Signal Name | Abbreviation 
BUS, /BUS, BUS, /BUS9, Write Protected 
BUS; /BUSs, BUS;/BUSs; Fault 
BUS,/BUS, BUS,/BUS, Seek Error 
BUS, /BUS, BUS, /BUS., On Cylinder 
BUS)/BUS,; BUS, /BUS,; Unit Ready 


(Note 1) Names of signals which are read from a drive when the HDC ts connected to the DK812S (Hitachi). 
(Note 2) User Area 





Figure 44 Sense Drive Operation (1) (SMD) 
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O0€8-SEr (80h) © LELS6 VO ‘eSOf ues e anusAy 9/001,0 O1ZZ e ‘PIT BOVeWY IyoeN}Y 


IHOVLIH @ 


TAG2 (out) 


TAGS (out) 


BUS L/H (out) 


BUS R/W (out) 


BUS)/BUS; — 
BUS,/BUS, (in) 





6 tcyc 
aa 


Steve 4 tcyc 


aeons peneeeed 
CC DD) Sa 


BUSL/H = low’ BUSL/H = high 


Input Signal Name (Note 1) 


| Pm | Input Signal Name (Note 1) 


BUS,/BUS, Write Error 3 















BUS, /BUS, 










BUS; /BUS, BUS; /BUS, Write Error 2 
BUS, /BUS, |ote 5 BUS, /BUS, Write Error 1 
BUS, /BUS, * BUS, /BUS, Status Error 2 





BUS) /BUS,; SELECT ERROR BUS) /BUS, Status Error 1 


(Note 1) Names of signals which are read from a drive when the HDC is connected 
to the DK812S (Hitachi). 
(Note 2) User Area 


Figure 45 Check Drive Status (2) (SMD) 
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TAGS (out) 


aT tave mae 


6 or 


TAG2 (out) 
8 — 8 ney 


BUS R/W (out) pt faye 


4 ——o 


eee! 
SUSs/BU, (in) «XE 


BUSL/H = low BUSL/H = high 
[P= [nwt Sinan Wore [amen] [pe [put Sal Name ow 11 [aaron 
BUS,/BUS, - BUS, /BUS, Sector Address 16 
BUS;/BUS, BUS3/BUSs Sector Address 8 
BUS,/BUS, BUS./BUS, Sector Address 4 
BUS, /BUS, * BUS, /BUS. Sector Address 2 
BUS) /BUS; Sector Address 32 BUS) /BUS; Sector Address 1 


|vor 2) 


(Note 1) Names of signals which are read from a drive when the HDC is connected 
to the 0K812S (Hitachi). 


(Note 2) User area 


Figure 46 Check Drive Status (3) (SMD) 
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TAG2, TAGS (out) 


min 33 tcyc 


BUS R/W (out) 


BUS,/BUS; — 
BUS,/BUSg, (in) 


BUSL/H = low 


| pm | Input Signal Name (Note 1) 


BUS,/BUS5 
BUS3/BUSs 
BUS,/BUS, 
BUS, /BUS, 
BUS)/BUS; 


BUS,/BUS, 
BUS3/BUSs 
BUS,/BUS, 


BUS, /BUS, 
BUS»/BUS; 


Device Type 16 
Device Type 8 
Device Type 4 
Device Type 2 


Device Type 1 


(Note 1) Names of signals which are read from a drive when the HDC is connected 


to the DK812S (Hitachi). 


(Note 2) User Area 


Figure 47 Check Drive Status (4) (SMD) 
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45V 
J | tacH < 100 ms 


y. 


2.2V 
CLK (in) tresr < 10us 


REH> 100 ms 22V 


RES (in) 





Figure 48 Timing Requirement during Power-On. 
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ACRTC (Advanced CRT Controller) 


The Advanced CRT Controller (ACRTC) is a CMOS VLSI 
microcomputer peripheral device capable of controlling raster- 
scan CRTs to display both graphics and characters. The ACRTC 
is a new generation CRT controller that is based on a bit-mapped 
technology. It executes high-level drawing commands, like Line, 
Ellipse, Paint, Pattern, and Copy, issued by the MPU in X-Y 
coordinates, and performs address translation to draw into frame 
memory. It can draw in up to 64K colors, on 3 split screens and 
an independent window, and perform area clipping and hitting. It 
has more display control functions than an HD6845S (CRTC). 

The ACRTC controls a CRTC in one of three modes; charac- 
ter only, graphic only and multiplexed character/graphic modes. 
Therefore, the ACRTC has many applications, from character 
only display devices to large full-graphic systems. 

The ACRTC can reduce CPU software overhead and enhance 
system throughput. 


m FEATURES 
@ High-speed graphics 
- Drawing rate: Maximum 500 ns/pixel (Color drawing) 
‘Commands. Dot, Line, Rectangle, Poly-line, Polygon, Cir- 
cle, Ellipse, Paint, Copy, etc. 
- Colors: 16 bits/word 
1, 2, 4, 8, 16 bits/pixel (5 types) mono- 
chrome to max. 64k colors. 
* Pattern RAM (32 bytes) 
* Conversion of logical X-Y coordinates into physical address. 
‘Color operation and conditional drawing 
‘Drawing area control for hardware clipping and hitting 
@ Large frame-memory space 
*Maximum 2M bytes graphic memory and 128k bytes char- 
acter memory separated from the MPU memory 
- Maximum, resolution 4096 x 4096 (1 bit/pixel mode) 
@ CRT display controls 
- Split screens (3 displays and 1 window) 
- Zooming up (1 to 16 times) 
* Scroll (Vertical and horizontal) 
® Interleaved Access mode for flashless display and superim- 
position 
® External synchronization between ACRTCs or between the 
ACRTC and external device (ex. TV system or other con- 
troller) 
® DMA interface 
@ Two programmable cursors 
@ Three scan modes 
- Non-interlaced 
-Interlace sync. 
-Interlace sync. and video 
@ 256 characters/line, 32 rasters/line, 4096 rasters/screen 


@ TYPE OF PRODUCTS 


Clock 
P 
roduct type Frequency (2CLK) 


HD63484-8 8 MHz DC-64 


Package 


HD63484-98 9.8 MHz 64 Pin Ceramic DIP 
HD63484P-8 8 MHz DP-64 
HD63484P-98 9.8 MHz 64 Pin Ceramic DIP 


HD63484CP-8 8 MHz CP-68 
HD63484CP-98 9.8 MHz 64 Pin Ceramic PLCC 
HD63484Y-8 8 MHz PGA-68 
HD63484Y-98 9.8 MHz 64 Pin Ceramic PGA 


HD63484-8, 
HD63484-98 


HD63484P-8, 
HD63484P-98 


(DP-64) 


HD63484CP-8, 
HD63484CP-98 


(CP-68) 


HD63484Y-8, 
HD63484Y-98 


(PGA-68) 





© HITACHI 
472 Hitachi America Ltd. «© 2210 O’Toole Avenue © San Jose, CA 95131 © (408) 435-8300 


PIN ARRANGEMENT (Top View) © HD63484CP 
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(Top View) 


@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage Vcc" V 
Input Voltage V 
Allowable Output Current a a mA 
Total Allowable Output Current mA 
Operating Temperature °C 
Storage Temperature °C 


* This value ts in reference to Veg = OV 
** The allowable output current is the maximum current that may be drawn 
from, or flow out to, one output terminal or one input/output common 
terminal. 

*** The total allowable output current is the total sum of currents that may be 
drawn from, or flow out to, output terminals or input/output common 
terminals. 

(Note) Using an LSI beyond its maximum ratings may result in its permanent 
destruction. LSI’s should usually be used under recommended operating 
conditions. Exceeding any of these conditions may adversely affect its 
reliability. 


@ RECOMMENDED OPERATING CONDITIONS 












Supply Voltage 






Input “Low” Level Voltage 
Input “High” Level Voltage 











Pvt | 22 | = | Voc | 
[To [| 0 | 25 | 70 


“This value Is in reference to Vgg = OV 


Operating Temperature 


@ TIMING MEASUREMENT 
The timing measurement point for the output “low” level is 
defined at 0.8V throughout this specification. 





HD63484 


(Top View) 


e HD63484Y-8 
e HD63484Y-98 


1st Pin Index 





i) 
oo) 
ao} 
3 
10) 
QO, 
SQYO, 
QO, 
2 
(Top View) 
Pin Signal Signal Signal Signal 
No | Description Descnption Description Description 
1] MAD | 18 | MArg/RAp | 52 | OREO 


| rs | 35 | 

2 | Mads, | 19.| DTACR | 36 | Marg /RAy | 
de 

[ino [ar] erie 

smo, [2] veo [| wit, | 6 | 
[veo [| ves [| wos [7] 0g 
7 
8 
9 


Tes [2] ves [or [ amik [50] 0g 
CC 


12 

@[ 6 [| Oy fa [ Oe [oe mid 
we] wre [a] Oy fo | Biot | Mid 
[veo [2] o5 lo] & |e] om 
e[ toe [| veg [oo] WE [or[ Oem 
[ait [e+ [iiagig [or [ ome [ee | 0, 


The output “low” level at stable condition (DC charac- 
teristics) is defined at 0.5V. 
The output “high” level is defined at Vcc-2.0V. 
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0 measuring point 


t 
Vor Reference at Timing Measurement 
@ Electrical Characteristics 
¢ DC Characteristics (Vo, = 5.0V + 5%, Vo, = OV, T, = 0 to 70°C unless otherwise noted) 


Item Symbol 


Input “high” level voltage | All Inputs Atieeue fe 


Input “low” level voltage | All |Allinputs 


RW, CS, RS, 
RES, DACK, 
2CLK, LPSTB 
Do-D45, 
EXSYNC, 
MAD -MAD 
Do-Di5, 
MADo-MAD ,«, 
CUD1, CUD2, 
DREQ, DTACK, 
HSYNC, 
VSYNC, 
EXSYNC, 
DISP1, DISP2, 















8 MHz 
Version 


9.8 MHz 


Measuring Version 


Condition mau 


= 
» 
4 


N 


a| » lols 
Oo; oa INI 


& | 
wo | 


kalau 
Vin + 0.4 to Vg 


2 
a) 










Input leak current 





| 
N 
oi 


















Three state (off state) 
Input Current 










Output “high” level 
voltage 


+ —400 pA Voc 




























as 
Oo 
sz) » |els 
SOF a IN 


i i 
a LL] op 
oo oO oi 















Output “low” level 
voltage 





MAj/RAs, RA, 
RO, DONE 












I 
—h, 
oO 
° 
on 
° ° 
o1 oO 


~—_, a. | O 

Ni © |in 

—_—, 
8 

se) 

Tn 






Input capacity Do-Dis, 
EXSYNC, 


MAD,-MAD,. 


















R/W, CS 17 17 pF 
RS, RES, 

DACK, 2CLK, 

LPSTB 





Output capacity 






Current consumption 






loc eChip not selected 100 120 mA 
eDisplay in progress 
eData bus in read/ 100 120 mA 
write operation 
eDisplay in progress 
eCommand execu- 
tion in progress 
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e AC Characteristics (Voc = 5.0 + 5%, Vg, = OV, T, = 0 to 70°C unless otherwise noted) 
Clock Timing 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version 


Number [win [Max [Min | Max 
1 


Operation Frequency of 2 CLK f 


| 1 | Clock Cycle Time | tov 
| 2 | Clock “High” Level Pulse Width | tewon | 
| 3 | Clock “Low” Level Pulse Width | tewou 
| 4 |ClockRiseTime | to 
[5 [ClockFallTime | ty 


MPU Read/Write Cycle Timing 


Reference 8MHz 9.8 MHz 
Symbol } Figure Version Version Unit 


| so | — | 50 | — | ns | 
poo | — | o | — | rs | 
ttss_ | 24 | 50 | — | 50 | — | ns | 
RS Hold Time tasH | o | — | o | 
0 | 40 | — | 40 

| 11 |CS“High” Level width | twos | 23 | 60 | — | 

7 rae ee ee eee eee 

| o | - | 

10 

| — | 6 | 
| 17 |DTACK Delay Time (ZtoL) | torn | 24 | — | 70 | 
| 18 |DTACK Delay Time(DtoL) _—| torn | 24 | 0 | — | 
| 19 |DTACK Release Time(LtoH) | tom | 5, |_— | 80 _ 
tomz | Ss | ~— | 100 | — | 100 

























7 








_ 
© 








21 | Data Bus 3 State Recovery toprati 2,4 
Time 1 | 


twa (a ee ee ee ee 
23 twos | 34 | 40 | — | 40 | — | ns | 
Ce an a i a 






twoH 
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DMA Read/Write Cycle Timing 


| Min | Max _ 
eae ee 
ae ie 
DMA RW [DMARMW Setup Time | Time | so | — | 
a ee 
a 
00 
Aaa RRONITER MRSE ae ane 
eae ee 
a em 
[ola Read Dt Hold Time | ton ae 
ee ee 
ae 
eae ae 
ee ee 
eo 
Lo a! 
a ae 
ae 
a 

Lowe 
al a 
aaa ae 
aa eee 


= 
OMADTACK Deley Time ZwoL) | toorm | 8-8 
a 
= 
a 
pe 









110 | ons 
pons 
| ns 
pons 
| ns 
Leaat | 
al 
| ns 
Leaiee a) 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version 


Number 











DMA DTACK Release Time (L to H)| tppriy 
DMA DTACK Turn Off Time (H to Z) 
ORE Cusp tes Tree 
ica maTD SRE 








A) 





110 


o) 





HIP LHIP THR LHR PRI[OD!/@ODI@O1iDd,{/@O|/@Q/@Q/1@ {oa 
Or} & | © “~{/O/OlLOINIDIA!HRI@Os;M)]— 


| ns 
Esme] 
aaah 

fa B 
i Lise, 
a | ns 
= [une | 
fs 2) 

Ce | ns 
== | Clk. 
| ns 

| ns 
0 | ns 
aoe a 





© HITACHI 
476 Hitachi America Ltd. ¢ 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


HD63484 


Frame Memory Read/Write Cycle Timing 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version Unit 
Number 


AS “Low” Level Pulse Width 2 
Memory Address Hold Time 2 
9-1 

















Memory Address Turn Off tuaaz | 9, 10, 12 
Time (A to Z) 


Memory Read Data Setup Time Huns fy 


3 


Memory Read Data Hold Time turRDH 


5 50 

55 | 10 

=12 

twoven | 9-13 

| 62 | 
63 


| tucyop | 9-13 
MRD Delay Time tapes 
| 
}63 |DRAWHoldTime | torn | 
jwemen te aes Tine ttn {yy 
| Memory Address Setup Time 1 | twasi_| 9-12 _| 
112 | Memory Address Setup Time 2 | twase | 9-12 | 10 


NOTE 1) Characteristic of No. 52 is defined independently of 2CLK operation frequency (f) and timing of No. 51 
and No. 110. 


| Max | Max 
a Sn ere oe 
(ee ea ee ioe ee 
i eee | 50 

5 | 6 | 5 | 40 
1 10 | 50 | 
el ee oe 
ii 
ee ee ee 
ee leer 
| 80 | 60 
eS See ee ee 
Pet OO haaiAOl 

| 50 

a ae ee ae 
| 50 

a a 
| 50 

10 Lae 
108 ee 0 
Ce a ee 
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Display Control Signal Output Timing 


Reference 8 MHz 9.8 MHz | 
Symbol | Figure Version Version Unit 
Number 


a 
|68 |VSYNCDelayTime | tvs 
| 69 | DIST, DISP2 Delay Time 
| 70 | CUD, | 13 
ae | 
le eal 

as 
































a ae wee 
Ei ie (aa 


70 
70 
70 
70 
20 70 
70 


H 
D 
70 | CUD1, CUD2 Delay time 
E 
C 


“I 


| Min | Max _| 

| 50 | ns | 
| = | so | ns | 
ae eo 
| — | 50 | ns | 
/ 15 | 50 | ons 
/ = | 50 | ns | 
i: Te Sie 
[cae a RS 








EXSYNC Input timing 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version 
Number 


| Min | Max | Min 
a a ae 
4 | so | — | 9% | 
ates ae eed 





LPSTB Input Timing 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version Unit 


sa 
re ee ea 
79 ik el el aca 
[20 [LPSTB input old Time | tow | 18,16 [10 | — | 10 | — 
oe ee 


ES Input and DACK Input Timing 


K Setup Time for RES 
















Reference 


8 MHz 9.8 MHz | 
Figure Version Version Unit 







7 [-of- [of | m 
se 
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IRQ Output, Video Attributes Output Cycle Timing 


Reference 8 MHz 9.8 MHz 

Symbol | Figure Version Version Unit | 
[a5 [TAG Delay Times __——_—'(| tor | ap vq L_—_| 150 | — | 150 | ne | 
/86 |IRQDelayTime2 | stn | | =| 800:—*«|§_sS ——s|s 500 _'|_ons_ | 
ae ee ee eae 
10 8 ns | 
Fe: SSR mn IN, RT: (NI Ge [eres 


|90 |ATRDelayTime2 | tare | yp «| = | 80 | — | 60 | ns 
Oe ee ee eee ee 
















MPU Read/Write Cycle Timing (synchronous bus), 
DMA Read/Write Cycle Timing (synchronous bus) 


Reference 8 MHz 9.8 MHz 
Symbol | Figure Version Version 
Number [in [Max [Min [Max 
S Oyele Time 


S “Low” Level Width 









oak 








Figure 1 2CLK Waveform 
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O8v 


OOES-SEr (B07) © LELSE VO ‘eSOf UBS « SNUaAY 9/001,0 O1Z2 © PI] BOVEY 1YyoeH 


IHOVLIH @ 


2CLK 


R/W 


RS 


Do—Dis 


DTACK 


To ;71 T2,Ts Ta Tn-2 Tn-1,1N To Ti TajTs Tas 


2 2Vj jf 2 2 2V, 
0.7V 
© DI |© 
I nici 
2.2VAI w22V 
® @) @ 
2.2V F anes 
ame ee Assy | 
L 
2.2V 2.2V | 2V 
07V 0 er pO. IV 
— 2.0V Fl ats THINMTT i, Vec— 2.0V 


O.8V-A NINN. BY 


B 
Vec—2.V 


cl 
LLL — 
CNG, 2 OV 
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Figure 2 MPU Read Cycle Timing (MPU — ACRTC) 
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Figure 3 MPU Write Cycle Timing (MPU — ACRTC) 
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Figure 4 MPU Read/Write Cycle Timing (MPU — ACRTC) 
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Figure 5 DMA Read Cycle Timing (System Memory «— ACRTC) 
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Figure 6 DMA Read Cycle Timing (System Memory — ACRTC): Burst Mode 
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Figure 7 DMA Write Cycle Timing (System Memory — ACRTC) 
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Figure 8 DMA Write Cycle Timing (System Memory — ACRTC): Burst Mode 
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Figure 14 EXSYNC Input Timing 
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Single Access Mode 
Display Cycle 


(LPSTB Rise Cycle) 
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C LPSTB rises in this period, memory address ‘‘M + 2” ts set in the Light 
Pen Address register 


Note 1 Memory addresses “M", “M+ 1”, “M+ 2”, and ‘M+ 3" denote the display addresses 
Note 2 Memory address set in the Light Pen Address register during H-sync cycle 
may not be proper 


Figure 15 LPSTB Input Timing (Single Access Mode) 
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Note 1 Memory Addresses ‘’M’’, ‘M+ 1", and ‘‘M-+ 2’’ denote the display addresses in the Interleave Mode, and 
those of the background screen in the Superimpose Mode 

Note 2. When LPSTB rises in the period (1), memory address ‘M+ 1” ts set in the Light Pen Address register 

Note 3 When LPSTB rises in the period (2), memory address ‘M+ 2” ts set in the Light Pen Address register 

Note 4 Memory address set in the Light Pen Address register during H-sync cycle may not be proper 


Figure 16 LPSTB Input Timing (Dual Access Mode) 
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Figure 17 RES Input and DACK Input Timing 
(System Reset and 16-bit/8-bit Selection) 
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This is an IRQ output timing example. In this case, IRQ is generated by status 
flag RFF (Read FIFO Full). 

When issuing read commands (RD) which transfer data exceeding Read FIFO 
space (8 words), the FIFO becomes full, and the command execution pauses (RFF: 
set, IRQ: generated). By reading out 1-word data, spare occurs in the FIFO, and the 
ACRTC resets RFF flag and then negates IRQ, while on the other hand the 
ACRTC resumes the internal operation (command execution) to fill the FIFO, and 
sets RFF flag and then asserts IRQ again. 

In this case, the timing from IRQ negate to assert is 3 cycles (tcyc). 


Figure 19 IRQ Output Timing (Example: Read FIFO Full interrupt Enable) 
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Test Point MA 16/RAo — MAi9/RA3 


Figure 20 Test Load Circuit A 


5.0V 


Ri 


RL = 1.8kQ 
C =40pF 


Figure 21 Test Load Circuit B 


Power on Sequence 


(Note) 

When tuming power on, 2CLK and RES timings must be Vec 
as shown in figure E22 The delay time from Vcc rising to 
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Vcc nsing to RES rising (trex) must be above 100 ms 
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C = 40 pF 
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All diodes are 
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the equivalent 







tReH > 100 ms 


Figure 22 Power On Sequence 
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Ringing Noise and Damping Resistor 


If excessive ringing noise occurs on CRT data bus (figure E23), damping resis- 
tors may be required for the data bus as shown in figure E24. 


Vout 


Vou 






Ringing Noise 


/ 


Vain eee Nee ee eae oe 





t 


Note The ringing level depends on the load 
capacity, and it can be Vo. +01V (50 — 1002) 


Damping Resistors 


Figure 23 Ringing Noise Figure 24 Damping Resistor 


Note for Designing Power Supply Circuit 


Vss (55) Vss 
(14) Vec Vss (51) 
Vss (54) 


(16) Vss Vcc (49) 
Vcc 
1F/35V Tantalum Capacitor (X 2) 


(a) Circuit Example (64pin DIP) 





1F/35V Tantalum Capacitor (x 3) 
(b) Circuit Example (68pin PLCC) 


Figure 25 Note for Designing Power Supply Circuit 


When designing Vcc and Vss pattern of the circuit board, locate capacitors nearest 
to each power supply pin (Vcc and Vss). 
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a SYSTEM CONFIGURATION 

Existing CRTCs provide a single bus interface to the frame 
buffer which must be shared with the host MPU. However, the 
refresh of large frame buffers and the requirement to access the 
frame buffer for drawing operations can quickly saturate this 
shared bus bandwidth. 

As shown in figure 26, the ACRTC uses separate host MPU 
and frame buffer bus interfaces. This allows the ACRTC full ac- 
cess to the frame buffer for display refresh, DRAM refresh, and 
drawing operations while minimizing the ACRTC’s usage of the 
MPU system bus. Thus, overall system performance is max- 
imized. A related benefit is that a large frame buffer (2M byte 
for each ACRTC) is useable even if the host MPU has a smaller 
address space or segment size restriction. 

The ACRTC can utilize an external DMA controller. This in- 
creases system throughput when large amounts of command, 
parameter, and data information must be transferred to the 
ACRTC., Also, advanced DMAC features, such as the HD68450 
DMAC’s ‘chaining’ modes, can be used to develop powerful 
graphics system architectures. 

However, more cost sensitive or less performance sensitive 
applications do not require a DMAC. The interface to the 
ACRTC can be handled completely under MPU software control. 

While both ACRTC bus interfaces (Host MPU and Frame 
Buffer) are 16-bit data paths for maximum performance, the 
ACRTC also offers an 8-bit MPU mode for easy connection to 
popular 8-bit bus structures. 





Figure 26 System Configuration, 


a INTERNAL FUNCTIONS 
@ BLOCK DIAGRAM 

The ACRTC consists of five major functional blocks. These 
functional blocks operate in parallel to achieve maximum perfor- 
mance. Two of the blocks perform the external bus interface for 
the host MPU and CRT respectively. 


© MPU Interface 
Manages the asynchronous host MPU interface including the 
programmable interrupt control unit and DMA handshaking 
control unit. 

Oo CRT Interface 
Manages the frame buffer bus and CRT timing input and out- 
put control signals. Also, either display refresh address or 
drawing address outputs is selected. 
The other three blocks are separately microprogrammed pro- 
cessors which operate in parallel to perform the major func- 
tions of drawing, display control and timing. 

O Drawing Processor 
Interprets commands and command parameters issued by the 
host bus (MPU and/or DMAC) and performs the drawing op- 
erations on the frame buffer memory. This processor is re- 
sponsible for the execution of ACRTC drawing algorithms 
and conversion of logical pixel X-Y addresses to physical 
frame buffer addresses. 





Communication with the host bus is via separate 16 byte read 
and write FIFOs. 

© Display Processor 
Manages frame buffer refresh addressing based on the user 
programmed specification of display screen organization. Com- 
bines and displays as many as 4 independent screen segments 
(3 horizontal splits and 1 window) using an internal high 
speed address calculation unit. Controls display refresh address 
Outputs based on Graphic (physical frame buffer address) or 
Character (physical frame buffer address + row address) dis- 
play modes. 

© Timing Processor 
Generates the CRT synchronization signals and other timing 
signals used internally by the ACRTC. 
The ACRTC’s software visible registers are similarly parti- 
tioned and reside in the appropriate internal processor depend- 
ing on function. The registers in the Display and Timing pro- 
cessors are loaded with basic display parameters during system 
initialization. During operation, the host primarily communi- 
cates with the ACRTC’s Drawing processor vias the on- 
chip FIFOs. 


® SIGNAL DESCRIPTION 

Following is a brief description of the ACRTC pin functions 
organized as MPU Interface, DMAC Interface, CRT Interface 
and Power Supply. 


MPU Interface 


RES (Input) 
Hardware reset input to the ACRTC. 
D,—D,, (Input/Output) 
The bidirectional data bus for communication with the host 
_MPU or DMAC. In 8 bit data bus mode, D)—D, are used. 
R/W (Input) 
___Controls the direction of host -+ ACRTC transfers. 
CS (Input) 
Enables data transfers between the host and the ACRTC. 
RS (Input) 
Selects the ACRTC register to be accessed and is normally 
connected to the least significant bit of the host address bus. 
DTACK (Output) 
Provides asynchronous bus cycle timing and is compatible 
___with the HD68000 MPU DTACK input. 
IRQ (Output) 
Generates interrupt service requests to the host MPU. 


DMAC Interface 
DREQ (Output) 
Generates DMA service requests to the host DMAC. 
DACK (Input) 
Receives DMA acknowledge timing from the host DMAC. 
DONE (Input/Output) 
Terminates DMA transfer and is compatible with the 
HD68450 DMAC DONE signal. 


CRT Interface 
2CLK (Input) 
Basic ACRTC operating clock derived from the dot clock. 
MAD,—MAD,, (Input/Output) 
___Multiplexed frame buffer address/data bus. 
AS (Output) 
Address strobe for demultiplexing the frame buffer address/ 
data bus (MAD,—MAD,,). 
MA,,/RA,—MA,,/RA; (Output) 
The high order address bits for graphic screens and the raster 
address outputs for character screens. 
RA, (Output) 
Provides the high order raster address bit (up to 32 rasters) 
for character screens. 
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CHR (Output) 
Indicates whether a graphic or character screen is being ac- 
cessed. 

MCYC (Output) 
Frame buffer memory access timing — one half the frequency 
of 2CLK. 

MRD (Output) 
Frame Buffer data bus direction control. 

DRAW (Output) 
Differentiates between drawing cycles and CRT display refresh 
cycles. 

DISP1, DISP2 (Output) 
Programmable display enable timing used to selectively ena- 
ble, disable and blank logical screens. 
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CUD1, CUD2 (Output) 


Provides cursor timing determined by ACRTC programmed 
parameters such as cursor definition, cursor mode, cursor ad- 


dress, etc. 


VSYNC (Output) 
CRT device vertical synchronization pulse. 


HSYNC (Output) 


CRT device horizontal synchronization pulse. 


EXSYNC (Input/Output) 


For synchronization between multiple ACRTCs and other 
video signal generating devices. 

LPSTB (Input) 
Connection to an external light pen. 
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Figure 27 Block Diagram 
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Video Attributes 

The ACRTC outputs 20 bits of video attributes (Figure 28) on 
MAD,~MAD,; and MAj¢/RAj—~MAjo/RA3. These attributes are 
output at the last cycle prior to the rising edge of HSYNC and 
should be latched externally. Thus, video attributes can be set on 
a raster by raster basis. 






MA,, BLINK2 3 
Blink 

MA. BLINK1 
ea Sree Split Screen Number 
MA,. 
MAD,, 

( Horizontal Zoom 
MAD,, 
MAD,, 

, Honzontal Scroll Dot 
MAD, 
MAD, 

Attribute Code 

MAD, 


Figure 28 Video Attributes 


Attribute Code (ATCO— ATC7: MAD,— MAD,) 
These are user-defined attributes. The programmed contents 
of the Attribute Control bits (ATR) of the Display Control 
Register (DCR) are output on these lines. 
Note) The data written into ATR can be externally used after 
the completion of current raster scanning. 


Attribute Code (ATCO— ATC7) Application 

The following shows some application examples. 

(1) Amount of horizontal dot shift for window smooth scroll. 

(2) Horizontal width of crosshair cursor and the amount of 
horizontal dot shift (including Block cursor). 

(3) Frame buffer specification in blocks (used for the base 
register). 

(4) Back ground screen color or character color code. 

(5) Display screen selection during screen blink (used with 
SPL). 

(6) Interrupt vector address storage. 

(7) Polarity selection of horizontal/vertical synchronization 
signal. 

(8) Blinking signal for indicator lights. 

(9) Code storage (max. 8 bit), selection signal, etc. 


Horizontal Scroll Dot (HSDO0—HSD3: MAD,—MAD,,) 
These are used in conjunction with external circuitry to imple- 
ment smooth horizontal scroll. These lines contain the en- 


coded start dot address which is used to control the external 

shift register load timing and data. HSD usually corresponds 

to the start dot address of the background screens. However, 
if the window smooth scroll (WSS) bit of OMR (Operation 

Mode Register) is set to 1, HSD outputs the start dot address 

of the window screen segment. 

Note) HSD outputs the valid value only within the specified 
raster area. Changing the register contents during the 
scanning does not cause any external effects, because 
the value loaded at the beginning of the area is re- 
served. 


Horizontal Zoom Factor (HZ0—HZ3: MAD,,—MAD,,) 
These lines output the encoded (1-16) horizontal zoom factor 
as stored in the Zoom Factor Register (ZFR). Horizontal 
zoom is accomplished by the ACRTC repeating a single dis- 
play address and using the HZ outputs to control the external 
shift register clock. Horizontal zoom can only be applied to 
the Base screen. 


Split Screen Code (SPL1—SPL2: MA,,—MA,,) 
These lines present the encoded information showing the split 
screen currently being displayed by the ACRTC. 


SPL2 SPLI1 
0 0 Out of background screen 
0 1 Base Screen 
1 0 Upper Screen 
1 1 Lower Screen 


Even if the split screen display is prohibited, SPL is output if 
the area is specified. 
Blink (BLINK1—BLINK2: MA,,—MA,,) 

The lines alternate from high to low periodically as defined in 
the Blink Control Register (BCR). the blink frequency is spec- 
ified in units of 4 field times. A field is defined as the period 
between successive VSYNC pulses. These lines are used to 
implement character and screen blinking. 


® ADDRESS SPACE 

The ACRTC allows the host to issue commands using logical 
X-Y coordinate addressing. The ACRTC converts these to physi- 
cal linear word addresses with bit field offsets in the frame buffer. 

Figure 26 shows the relationship between a logical X-Y screen 
address and the frame buffer memory, organized as sequential 16 
bit words. The host may specify that a logical pixel consists of 1, 
2, 4, 8 or 16 physical bits in the frame buffer. In the example, 4 
bits per logical pixel is used allowing 16 colors or tones to be 
selected. 

Up to four logical screens (Upper, Base, Lower, and Window) 
are mapped into the ACRTC physical address space. The host 
specifies a logical screen physical start address, logical screen 
physical memory width (number of memory words per raster), 
logical pixel physical memory width (number of bits per pixel) 
and the logical origin physical address. Then, logical pixel X-Y 
addresses issued by the host or by the ACRTC Drawing pro- 
cessor are converted to physical frame buffer addresses. The 
ACRTC also performs bit extraction and masking to map logical 
pixel operations (in the example, 4 bits) to 16-bit word frame 
buffer accesses. 
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Physical Addressing Logical Addressing Display Screen 
(Frame Buffer) 
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Figure 29 Logical/Physical Addressing 
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Access 
Graphic Cursor 
Display Control RAM Pattern 16 X 16 
RAM 
Split Screen 0- 
Control 
(Upper Screen) 
Split Screen 1 
Control 
(Base Screen) 
FIFO Access 


ee ee 
Soe 

(Lower Screen) Color Comparison 

ro Ne 


Pattern RAM Control 

















Split Screen 3 
Control 
(Window Screen) 





Drawing 
Block Cursor Parameter 
Register Area Definition 






Light Pen Address 





Read/Write Pointer 
Drawing Pointer 
Current Pointer 


Figure 30 Programming Model 
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Table 1 Programming Model (Hardware Access, Direct Access Registers) 












































CSinsRin| Res Register Name Abbre DATA (H) DATA (L) 

No east os Te] 7 TeTs [4 lsl2yi lol 
Latkes Pg eattceseeseeeeeeeees | 
OL OT OT AR [Address Reawter 
fo O[1 SR) Stas Regster TSR reenrees|CERTARD[CED[LPO[RFFRFR]WERIWFE 

CCR 
DCR 
zs Wundenned) = 
if 
HC | eeneeeeeees | H SW 
-[r84 [Horontal Display [HDR HOS HOW 
iA *86 [Vertical Smo [VSR] ess EC 
VOR VS eas SW 
[> eee i] SP 1 
YA] r8C | Split Screen Width SSW [cereereeee SPO 
| ssteersess | SP 2 
BONI 
Ronzontal Window Display WwW 
Vertical Window Display fyw | | Y ve 
SS aa XS 
roe Conor roe Conor GCR Oe 
P< Leena 2 12 





| roe 
ve (undefined ) 
be 


tA] CO | Raster AddrO |RARO | ------- | LRAO eee RAO 
Memory With | MRO [CHR — 

Start Addr.0 SARO |-——2 SDAO = : eee SAOH /SRAO 
Raster Addr 1 |RARI | ------- | LRA1 See sal FRAIL 
Memory Width 1 [MWR1 [CHR] ------- | 
Start Addr 1 SARI | cere | SDA1 sh SA1H/SRA1 
Raster Addr2  [RAR2 | ------- | LRA2 ee FRA2 
Memory Width 2 |MWR2 [CHR] ------- | 













Lower 


















Screen Start Addr 2 SAR2 Peres | SDA2 Sao 7 ee MTA SA2H /SRA2 
Raster Addr 3 | RAR3 LRA3 P eeeeeeeeeees | FRA3 
Memory Width 3 MaRS CR) noe: 

SAR3 SA3H/SRA3 


SA3L 


Beuri|-2 © ¥ 4 BCSR1 See BCER1 
Block Cursor 2 BCUR2}2CW2 | BCSR2 














rE8 [Cursor Definition [COR | CM | CONI | COFFI | ------ [| CON2_ |  COFF2 
Vl rEA 'Zoom Factor PERS) WZ 2 | | 
oH eee CH LPAH 
ra Light Pen Address LPAR LPAL 
E haa ee 
eT ape ed “High” level 
Note {9 - + “Low” level 
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ABT 
ACM 
ACP 
Address 
ARD 
ARE 
ATR 
CDM 
CED 
CEE 
CER 
CRE 
CSK 
DDM 
DRC 
DSK 
DSP 
FE 
GAI 
GBM 
HC 
HDS 
HDW 
HSW 
LPD 
LPE 
M/S 
PSE 
RAM 
RC 
RFE 
RFF 
RFR 
RRE 
RSM 
SEO 
SE1 
SE2 
SE3 
STR 
vc 
VDS 
VSW 
WEE 
WFE 
WFR 
WRE 
WSS 


: Abort 
: Access Mode 
: Access Priority 
. Control register number 


: Area Detect 


: Area Detect Interrupt Enable 

: Attribute Control 

: Command DMA Mode 

: Command End 

: Commad End Interrupt Enable 

: Command Error 

> Command Error Interrupt Enable 
: Cursor Display Skew 

: Data DMA Mode 

: DMA Request Control 

: DISP Skew 

: DISP Signal Control 

: FIFO Entry 

: Graphic Address Increment Mode 
: Graphic Bit Mode 

: Horizontal Cycle 

: Horizontal Display Start 

: Horizontal Display Width 

: Horizontal Sync Width 

: Light Pen Strobe Detect 


: Light Pen Strobe Interrupt Enable 


: Master /Slave 

: Pause 

: RAM Mode 

: Raster Count 

: Read FIFO Full Interrupt Enable 
: Read FIFO Full 

: Read FIFO Ready 


: Read FIFO Ready interrupt Enable 


: Raster Scan Mode 

> Split Enable 0 

* Spht Enable 1 

: Split Enable 2 

: Split Enable 3 

: Start 

: Vertical Cycle 

: Vertical Display Start 
: Vertical Sync. Width 


: Write FIFO Empty Interrupt Enable 


: Write FIFO Empty 
: Write FIFO Ready 


: Write FIFO Ready Interrupt Enable 


: Window Smooth Scroll 


SPO, SP1, SP2 


BON1, BON2 
BOFF1, BOFF2 
HWS 

HWW 

ws 

VWW 

CXS, CYS 
CXE, CYE 
FRA 

LRA 

CHR 

MW 

SDA 

SAH/SRA 

SAL 

BCW1, BCW2 
BCSR1, BCSR2 


BCER1, BCER2 


BCA1, BCA2 
CM 

CON1, CON2 
COFF1, COFF2 
HZF, VZF 
LPAH 

LPAL 





: Split Screen O Width, Split Screen 1 Width, 


Split Screen 2 Width 


: Bink ON 1, Blink ON 2 

: Bink OFF 1, Blink OFF 2 

: Horizontal Window Start 

: Horizontal Window Width 

: Vertical Window Start 

: Vertical Window Width 

: Cursor X Start, Cursor Y Start 

: Cursor X End, Cursor Y End 

: First Raster Address 

: Last Raster Address 

: Character 

: Memory Width 

: Start Dot Address 

: Start Address “High”/Start Raster Address 
: Start Address “Low” 

: Block Cursor Width 1, Biock Cursor Width 2 
: Block Cursor Start Raster 1, Block Cursor Start 


Raster 2 


: Block Cursor End Raster 1, Block Cursor End 


Raster 2 


: Block Cursor Address 1, Block Cursor Address 2 
: Cursor Mode 

: Cursor ON 1, Cursor ON 2 

: Cursor OFF 1, Cursor OFF 2 

: Horizontal Zoom Factor, Vertical Zoom Factor 

: Light Pen Address “High” 

: Light Pen Address “Low” 
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Table 1 (cont.) Programming Model (Drawing Parameter Registers) 


(alebsbobelelslelel-lslz/eTo 


Color Comparison 
Edge Color 


Drawing Pointer 
Current Pointer * 


Always set to ‘’0” 
Set two’s complements for negative values of X and Y axis. 





DRAWING PARAMETER REGISTER 


R 
W 

CLO 

CL1 

CCMP 

EDG 

MASK 

PSX, PSY 
PEX, PEY 
PPX, PPY 
PZX, PZY 
PZCX, PZCY 
XMIN, YMIN 
XMAX, YMAX 
DN 

RWPH 
RWPL 
DPAH 

DPAL 

DPD 

x, Y 


: Register which can be read by Read Parameter Register Command (RPR) 
: Register which can be written into by Write Parameter Register Command (WPR) 
: Access is not allowed 

: Defines the color data used for the drawing when logical drawing data=0 
: Defines the color data used for the drawing when logical drawing data=1 
: Defines the comparative color of the drawing operation 

: Defines the edge color 

: Defines the bit pattern used to mask bits upon which data transfer should not be performed 
: Pattern Start Point 

: Pattern End Point 

: Pattern Scan Start Point 

: Pattern Zoom 

: Pattern Zoom Count 

: Start point of Area definition 

: End point of Area definition 

: Screen Number 

: High-order 8 bit of Read Write Pointer Address 

: Loworder 12 bit of Read Write Pointer Address 

: High-order 8 bit of Drawing Pointer Address 

:Loworder 12 bit of Drawing Pointer Address 

: Drawing Pointer Dot Address 

: Position indicated by Current Pointer on X-Y coordinate 
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@® REGISTERS 
The ACRTC has over two hundred bytes of accessible regis- 

ters. These are organized as Hardware, Directly and FIFO ac- 

cessible. 

© Hardware Accessible 
The ACRTC is connected to the host MPU as a standard pe- 
ripheral which occupies two word locations of the host address 
space. The RS (Register Select) pin selects one of these two 
locations. When RS is low, reads access the Status Register 
and writes access the Address Register. 
The Status Register summarizes the ACRTC state and is used 
by the MPU to monitor the overall operation of the ACRTC. 
The Address Register is used to program the ACRTC with 
the address of the specific directly accessible register which the 
MPU wishes to access. 

© Directly Accessible 
These registers are accessed by prior loading of the Address 
Register with the chosen register address. Then, when the 
MPU accesses the ACRTC with RS=1, the chosen register is 
accessed. 
The FIFO entry enables access to FIFO accessible registers 
using the ACRTC read and write FIFOs. 
The Command Control Register controls overall ACRTC op- 
eration such as aborting or pausing commands, defining DMA 
protocols, enabling/disabling interrupt sources, etc. 
The Operation Mode Register defines basic parameters of 
ACRTC operation such as frame buffer access mode, display 
or drawing priority, cursor and display timing skew factors, 
raster scan mode, etc. 
The Display Control Register independently enables and disa- 
bles each of the four ACRTC logical display screens (Base, 
Upper, Lower and Window). Also, this register contains the 8 
bits of user defineable video attributes. 
The Timing Control RAM contains registers which define 
ACRTC timing. This_includes timing specification for CRT 
control signals (e.g. HSYNC, VSYNC), logical display screen 
size and display period, blink timing, etc. 
The Display Control RAM contains registers which define 
logical screen display parameters such as start addresses, raster 
addresses and memory width. Also included are the cursor(s) 
definition, zoom factor and light pen registers. 

© FIFO Accessible 
For high performance drawing, key Drawing Processor regis- 
ters are coupled to the host via the ACRTCs separate 16 byte 
read and write FIFOs. 
ACRTC commands are sent from the MPU via the write 
FIFO to the Command register. As the ACRTC completes 
command execution, the next command is automatically 
fetched from the FIFO into the Command register. 
The Pattern RAM is used to define drawing and painting ‘pat- 
terns’. The Pattern RAM is accessed using the ACRTCs Read 
Pattern RAM (RPTN) and Write Pattern RAM (WPTN) reg- 
ister access commands. 
The Drawing Parameter Registers define detailed parameters 
of the drawing process, such as color control, area control 
(hitting/clipping), and Pattern RAM pointers. The Drawing 
Parameter Registers are accessed using the ACRTCs Read 
Parameter Register (RPR) and Write Parameter Register 
(WPR) register access commands. 


m COMMANDS 

The ACRTC has 38 commands classified into three groups — 
REGISTER ACCESS, DATA TRANSFER, and GRAPHIC 
DRAWING. 

Five REGISTER ACCESS commands allow access to Drawing 
processor Drawing Parameter Registers and the Pattern RAM. 

Ten DATA TRANSFER commands are used to move data 
between the host system memory and the frame buffer, or within 
the frame buffer. 

Twenty three GRAPHIC DRAWING commands cause the 


ACRTC to perform drawing operations. Parameters for these 
commands are specified using logical X-Y addressing. 

All the above commands, parameters and data are transferred 
via the ACRTC read and write FIFOs. 

Assuming the ACRTC has been properly initialized, the MPU 
must perform two steps to cause graphic drawing. 

First, the MPU must specify certain drawing parameters which 
define a number of details associated with the drawing process. 
For example, to draw a figure or paint an area, the MPU must 
specify the drawing or painting ‘pattern’ by initializing the 
ACRTC Pattern RAM and related pointers. Also, if clipping and 
hitting control are desired, the MPU specifies the ‘area’ to be 
monitored during drawing by initializing area definition registers. 
Other drawing parameters include color, edge definition, etc. 

After the drawing parameters have been specified, the MPU 
issues a graphic drawing command and any required command 
parameters, such as the CRCL (Circle) command with a radius 
parameter. The ACRTC then performs the specified drawing op- 
eration by reading, modifying, and rewriting the contents of the 
frame buffer. 


@ COMMAND FORMAT 
ACRTC commands consist of a 16-bit operation code, 

optionally followed by 1 or more 16-bit parameters. When 8 bit 
MPU mode is used, commands, parameters and data are sent to 
and from the ACRTC in the order of high byte, low byte. 
(a) 16 bit interface 

For a 16-bit interface, first move the 16-bit operation code 

and then move the necessary 16-bit parameters one by one. 


bit bit 


15 
Code 
as 
: Parameters 


;) es) 
Figure 31(a) 16-bit Interface Command Format 
(b) 8 bit interface 
For a 8-bit interface, first move the operation code’s high 


byte followed by low byte. Then move those of parameters 
in the same order. 


bit bit 
7 0 


Operation 


Code 
Low 


Parameters 


| Low 


Figure 31(b) 8-bit Interface Command Format 
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Program Transfer 

Program transfer occurs when the MPU specifies the FIFO 
entry address and then writes commands/parameters to the write 
FIFO under program control (RS = high, R/W, CS = low). The 
MPU writes are normally synchronized with ACRTC FIFO status 
by software polling or interrupts. 
© Software Polling (WFR, WFE interrupts disabled) 

a) MPU program checks the SR (Status Register) for Write 
FIFO Ready (WFR) flag = 1, and the writes l-word op- 
code/parameters. 

b) MPU program checks the SR (Status Register) for Write 
FIFO Empty (WFE) flag = 1, and then writes 1- to 8- 
word op-code/parameters. 

© Interrupt Driven (WFR, WFE interrupts enabled) 

a) MPU WER interrupt service routine writes 1-word op- 
code/parameters. 

b) MPU WFE interrupt service routine writes 1- to 8-word 
op-code/parameters. 

In the specific case of Register Access Commands and an 

initially empty write FIFO, MPU writes need not be syn- 

chronized to the write FIFO status. The ACRTC can fetch 
and execute these commands faster than the MPU can issue 
them. 














Table 2-1 ACRTC Command Table 

fORG ———s{Orign SS Cf 0 0 0 110 «010 :0 :O O10 O O OFDPH DPL i 2s ees eee 
Register [WPR | Write Parameter Register [0 000'10'0 0000; RN |O [| 2 [|  &+4,6 | 
Access |RPR | Read ParameterRegister [0 000'11,00000) AN | | | 1 |  &2,6 | 
Command were . [Wee Pattern RAM 19.0.0 171 010 010.0 0.07 PRA {9 Dy.cu,Pq ___}_n2_|__4ns§-_ 
RPTN [Read PattenRAM [0001111'00!10000; PRA [fn  — ———s— || ©r2 [nt 
SRO ___OMA Reed 9 OO 0000.8 00 00 Of ax AY dts iys 2a it 
[OWT _—*|OMAWrite | ~=~=#10010:10!0 000001000 0fAX AY © | 3 | (4x+8)y+16[x-y/8tl+34 | 
[DMOD | DMAModify = (<= 1001011 11001000010 O:MMIAX AY dT (4x48) yt 16[x-y/8T] +34 | 
[RO.-—Cs{Red—S—— Cd OO OOO0OOOMOO0O] +f 4 [| 12 | 
ee eae (eae CC CECI CT | eae Se ee (YR 

Transfer t 
Command [MODs {Modify =— (<= 01001111000 O0000;MM/D — | 2 | 8b | 
[CLR [Clear (OT OTT OO OKOOO00M0001D AX AY | 4 | (2x+8)yt12 | 
ISCLR_ | SelectweClear = 10 1:01'1 1100000010 0O:MM| BD AX AY ss | 44 OT (4xt6)yt12_— 
[cPY [Copy Ci 1 1:0'S'| DSD 100001000 OfSAH SAL AX AY —| 5 || (6x 10)yt12_— 
ISCPY _—s[SelectiveCopy =—=—s—s (0. 1:11:18; DSD 10 0 0 010 O;MM[SAH SAL AX AY || 55 | (6x+20)y+12_— 
[AMOVE _[AbsoluteMove ss (§ «Ss | 1 OO OOO 0000007000TxX Y fF 3 [ Ss 
|RMOVE _[RelatweMove = [1 OO 0'I01'000000I0000lax ay | 3 {| °&°&456 | 
ALINE | AbsoluteLine =| 10 0 011 0'0 0' AREA'COL'OPM | x Y | 3 [|  Pt+i8 
TRLINE ——s[RelatweLine = [1 0 0 011 1'0 0! AREA!COL;OPM Tax dy ss | 33 | Pkt 
|ARCT _—'| Absolute Rectangle =| 700 1:0 0:0 0! AREA:COL:OPM || x Y ss | 3 | P(AHB)HES 
RCT __ Relative Rectangle _11_9.0 110 19 0; AREAICOL OPM. {ax _d¥—___}_3_| _?#iatBies4_ 
[APLL si Absolute Polyline = [10 0 1/1 0:0 O' AREA:COL:OPM || n  X1,Y1, .Xn,Yn | 2ne2 | SIP*L+16]148 
[RPLL | Relative Polylime =| 1 0 0 111 1'0 0! AREA:COL'OPM || n_ dX1,dY1, .dXn,dYn 
|APLG | Absolute Polygon | 1 0 1 0:0 0:0 0! AREA:COLIOPM || n  X1,Y1,. Xn,Yn | 2nt2 | E[P+L+16]+P-Lot+20 | 
[RPLC—s [Relative Polygon =| 1:0 1 0,0 1'0 0; AREA:COLIOPM || n_ dX1,dY1,..dXn,dYn_—|_ 2n+2_ [| Z[P+L+16]+P-Lo+20__| 
Graphic eRe eres __} 0 1 01) 00.61 AREA/COLOPM fp 66 
Command [ELPS ES aaa 
[AARC ss AbsoluteArc = 11 0 11:0 :0'0'C' AREAICOL:OPM [xc Ye Xe Ye | 5 | S418 
FETE — Ree A me Hae eet ee dXc dYc dXe dYe | 5 | HB 
[AEARC | Absolute Ellipse Arc | 10 1 1'1 0 (01C! AREAICOLIOPM || a  b Xc Yc Xe Ye 
[REARC | Relate EllipseArc =] 1 0 1: 111 1'0'C' AREA;COL'OPM [| ab dXc dY¥c dXe dYe| 7 |  10d+96 
[AFRCT _| Absolute Filled Rectangle[110 0:0 0'0 0' AREA‘COL:OPM [| x ys | (Pe AHB)BHIO 
Relative Filled Rectangle [1 1 0 0/0 1.0 0' AREA:COLIOPM [ax aY | 3 | (PrA+B)BHIB 
[PAINT ~=—s [Pant — iT 11 OE’ AREATO OOOO, —s—i‘ar”sSsCésT’:C#§BW da) STS (18A¥102)B-58 —*2)/ 
(DOT. (Dot 11 130 0! AREACOL'OPM Fo tc eC lt lt 
[PTN, [Pattern = LT TOT ISL] SD | AREA'COLIOPM [sz | CP AHIO)B+20 
[AGCPY || Absolute GraphicCopy_|1 1 1 0,)S |OSD | AREA‘O O|OPM [xs Ys DX DY | 5 | (P+2)A+10)B+70 
[RGCPY [Relative GraphicCopy [1 1 1 71'S ;DSD_ | AREA‘O O/OPM [uxs dYs Dx DY | 5 | ((P+2)A+10)B+70 





Note °1) Unit of operation cycle is 2 clock cycle (2CLK) 
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Command DMA Transfer 

Commands and parameters can be transferred from MPU sys- 
tem memory using an external DMAC. The MPU initiates and 
terminates Command DMA Transfer mode under software con- 
trol (CDM bit of CCR). Command DMA can also be terminated 
by assertion of the ACRTC DONE signal. DONE is treated as an 
input in Command DMA Transfer Mode. 

Using Command DMA Transfer, the ACRTC will issue cycle 
stealing DMA requests to the DMAC when the write FIFO is 
empty. The DMA data is automatically sent from system memo- 
ry to the ACRTC write FIFO regardless of the contents of the 
Address Register. 

Note 1) Make sure that the write FIFO is empty and all the 
commands are terminated before starting the Command 
DMA Transfer. 

Note 2) The Data DMA Command cannot be executed in the 


Command DMA Transfer Mode. 








Note *2) Operation cycle of PAINT is variable. The operation cycle on table 2 is applicable to rectangular figures. 
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COMMAND ABBREVIATIONS 


(a) Register Access Command 


RN: Register number of the drawing parameter register ($0-$13) 





AX : Number of word in X-axis direction —1 

AY : Number of word tn Y axis direction —1 

D : Write data 

SAH : Source Start Address High word (figure 32(b)) 


PRA : Pattern RAM address at which Read/Write operation starts ($0-$F) SAL : Source Start Address Low word (figure 32b)) 
DPH : Drawing pointer register High word (figure 32(a)) . 
DPL : Drawing pointer register Low word (figure 32(a)) lial of word a X-axis direction 
f y ‘:Number of word in Y-axis direction 
DPAH : Higher 8 bits of Drawing Pointer address * Rounding up 
DPAL : Lower 12 bits of Drawing Pointer address 
DPD : Dot position in the memory address 
; (c) Graphic Drawing Command 
D, Dyrererrees , On: Write data AREA : Area mode (Description on page 38) 
n > Number of Read/Write data COL . Color mode (Description on page 38) 
[ft]: Round up OPM . Operation mode (Description on page 36) 
C . Circling direction (Table 2-5) 
E Definition of edge color (Table 2-6) 
(b) Data Transfer Command SL. - Slant (Table 2-7) 
MM - Modify mode (Description on page 36) SD Scan direction (Table 2-7) 
S . Source scan direction (Table 2-3) S Source scan direction (Table 2-8) 


DSD . Destination scan direction (Table 2-4) 


504 


X, Xl, ..., Xn 
Yu Vi acd ¥n 
dX 
dY 

n 
dX1, . 
re hea 
r 

a, b 

DX 

DY 

Xe 

Yc 

dXc 
dYc 

Xe 

Ye 

dXe 
dYe 


.., GXn 
, dYn 


DPH | DN [0/0 ]o|o| ojo) 


DPL 





DSD . Destination scan direction (Table 2-9) 


: Absolute X- address from the origin point 

: Absolute Y- address from the origin point 

: Relative X- address from the current pointer 

: Relative Y-address from the current pointer 

: Number of nodes 

: Relative X-address from each node 

: Relate Y-address from each node 

> Dot number on radius 

: Ratio of squared dX and dY of ellips a b= (dX)? (dY)? 

> X-direction dot number 

: Y-direction dot number 

: Absolute X-address of the center point of arc/ellipse 

: Absolute Y-address of the center point of arc/ellipse 

: Relative X-address from the current pointer to the center point of arc/ellipse 

: Relative Y-address from the current pointer to the center point of arc/ellipse 

: Absolute X-address of the end point of arc/ellipse 

> Absolute Y-address of the end point of arc/ellipse 

: Relative X-address from the current pointer to the end point of arc/ellipse 

* Relative Y-address from the current pointer to the end point of arc/ellipse 

: Absolute X-address of the start dot position in source area 

: Absolute Y-address of the start dot position in source area 

: Relative X-address from the current pointer to the start dot position in source area 
: Relative Y-address from the current pointer to the start dot position in source area 
: Operation cycles p=4 cycles at OPM=000—0O11, p=6 cycles at OPM=100—111 
: Dot number on straight line 

: Total dot number 

: Scan main direction dot number 

: Scan sub direction dot number 


Pattern Size SZy, SZx 


1514131211109 8765432410 
DPAH | 


DPAL DPD 


Table 2-2 DN Screen Number 


Screen No 


Upper Screen 
Base Screen 

Lower Screen 
Window Screen 


Figure 32(a) Drawing Pointer 









Table 2-3. S Source Scan Direction 


source area start 
address 

source area end 
address 
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Table 2-4 DSD Destination Scan Direction 


. Read Write pointer 
Start point 

. Read Write pointer 
end point 





SAH and SAL 
15 1413 1211109 8 7 6 5 43 2 1 0 


SAH /0/0]/0{0/o/0j0]0| (SAH) 
sea) —~—Cdo ooo) 
Figure 32(b) Source Start Address 


Table 2-5 C Circling Direction Table 2-6 E Definition of Edge Color 


| Cc] Direction | E | Definition 
Counterclockwise Edge color is defined by the data in the edge color register. 
Clockwise Edge color ts defined by the data excluding the above. 
Table 2-7. SL Slant, SD Scan Direction 
SY] 000_ | 001 | O11 | 100 | ton | to | tdi 


[TIS IEE IETS 
EZAnINSZriwS 











@ .current pointer start point 
>. current pointer end point 





Table 2-8 S Source Scan Direction 


@: source area start dot 
position 
©! source area end dot position 





Table 2-9 DSD_ Destination Scan Direction 


[DSb=000 T-"DSD=001 J DSD=010 J DSD=O11 T DSD=100 TDSsp=10l | DSp=1l0 | OSD=ii1 1 
° ° 
os PS fe) ce) 
am Ee a ~ 
c°] fo) 2 2 @: current pointer start point 
“: current pointer end point 
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@ REGISTER ACCESS COMMANDS 

Registers associated with the Drawing processor (Pattern 
RAM and Drawing Parameter Registers) are accessed through 
the read and write FIFOs using the Register Access Commands. 


® DATA TRANSFER COMMANDS 

Data Transfer Commands are used to move blocks of data be- 
tween the MPU system memory and the ACRTC frame buffer 
or within the frame buffer itself. Before issuing these commands, 
a physical 20 bit frame buffer address must be specified in the 
RWP (Read Write Pointer) Drawing Parameter Register. 








Table 3-1 Register Access Commands 











[Command | Function 

ase Initialize the relation between the origin point 
in the X-Y coordinates and the physical 

| RPR | Read the parameter register 

Write into the pattern RAM 


address. 
RPTN Read the pattern RAM 


Table 4-1 Data Transfer Commands 
















maskable). 


into Read FIFO. 


write pointer (RWP). 


Operation Code 
15 8 2 O 


Command Code 1000000 MM | 





|} DRDO, Transfer data, by DMA transfer, from the frame buffer to the MPU system memory. 
Transfer data, by DMA transfer, from the MPU system memory to the frame buffer. 
Transfer data, by DMA transfer, from the MPU system to the frame buffer subject to logical modification (bit 








Read one word of data from the frame buffer specified by the read/write pointer (RWP), and load the word 


Write one word of data to the frame buffer specified by the read/write pointer (RWP). 


ioe Perform logical operation on one word in the frame buffer specified by the read/write pointer (RWP) (bit 
maskable) 


Clear a rectangular area of the frame buffer with a data in the command parameter. 
Initialize a rectangular area of the frame buffer with 1-word data subject to logical operation (bit maskable). 





CPY Copy frame buffer data from one area (source area) to another area (destination area) specified by the read/ 


Copy frame buffer data from one area (source area) to another area (destination area) subject to logical 
modification by word. The source and destination areas must reside on the same screen (bit maskable). 


” 
OQ 
- 
Pe) 


= 
oa 





Function 


Parameter 


oO 


Parameter 


io) 


Parameter 


Figure 33. Data Transfer Command Format 


Modify Mode 

The DMOD, MOD, SCLR and SCPY commands allow 4 
types of bit level logical operations to be applied to frame buffer 
data. The modify mode is encoded in the lower two bits (MM) of 
these op-codes. The bit positions within each frame buffer word 
to be modified are selectable using the mask register (MASK). 
Bits set to 1 are modifiable, ones to 0 are masked and not 
modifiable. 





Table 4-2 Modify Mode 
Modify Mode 


REPLACE frame buffer data with command 
parameter data. 
OR frame buffer data with command parameter 
data and rewirte to the frame buffer 
1 0 AND frame buffer data with command parameter 
data and rewrite to the frame buffer 
1 1 


EOR frame buffer data with command parameter 
| data and rewrite to the frame buffer 
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® GRAPHIC DRAWING COMMANDS 

The ACRTC has 23 graphic drawing commands (table 5-1). 
Graphic drawing is performed by modifying the contents of the 
frame buffer based upon microcoded drawing algorithms in the 
ACRTC drawing processor. 

Most coordinate parameters for graphic drawing commands 
are specified using logical pixel X-Y addressing. The complex 
task of translating a logical pixel address to a linear frame buffer 
word address, and further selecting the appropriate sub-field of 
the word (for example, a given logical pixel in 4 bits per logical 
pixel mode might reside in bits 8-11 of a frame buffer word) is 
performed at high speed by ACRTC hardware. 

Many instructions allow specification of X-Y coordinates with 
either absolute or relative X-Y coordinates (e.g. ALINE and 
RLINE). In both cases, two’s complement numbers are used to 
represent positive and negative values. 


(a) Absolute Coordinate Specification 
The screen address (X, Y) is specified in units of logical pix- 
els relative to an origin point defined with the ORG com- 
mand (figure 34). 


(b) Relative Coordinate Specification 
The screen address (dX,dY) is specified in units of logical 
pixels relative to the current drawing pointer (CP) position 
(figure 35). 


A graphic drawing command consists of a 16-bit op-code and 
optionally 0 to 64k 16-bit parameters. 

The 16-bit op-code consists of an 8-bit command code, an 
AREA Mode specifier (3 bits), a Color Mode specifier (2 bits) 
and an Operation Mode specifier (3 bits). 

The Area Mode allows versatile clipping and hitting detection. 
A drawing area can be defined, and should drawing operations 
attempt to enter or leave that area, a number of programmable 
actions can be taken by the ACRTC. 

The Color Mode determines whether the Pattern RAM is 
used indirectly to select Color Registers or is directly used as the 
color information. 

The Operation Mode defines one of eight logical operations to 
be performed between the frame buffer read data and the color 
data in the Pattern RAM to determine the drawing data to be re- 
written into the frame buffer. 
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Figure 34 Absolute Coordinate Specification 


(x+Ax, y+4y) 





Figure 35 Relative Coordinate Specification 
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Table 5-1 Graphic Drawing Commands 


Command 
RMOVE Move the Current Pointer (CP) to a relative logical pixel X-Y address. 
coordinates. 


RLINE Draw a Straight line from the Current Pointer (CP) to a command specified end point of the relative 
coordinates 


ARCT Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the absolute 
coordinates 

RRCT Draw a rectangle defined by the Current Pointer (CP) and a command specified diagonal point of the relative 
coordinates. 

APLL Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the absolute coordinates 

RPLL Draw a polyline (multiple contiguous segments) from the Current Pointer (CP) through command specified 
points of the relative coordinates 

APLG Draw a polygon which connects the start pointer (CP) and command specified points of the absolute 
coordinates. 

RPLG Draw a polygon which connects the start pointer (CP) and command specified points of the relative 
coordinates. 

CRCL Draw a circle of the radius R placing the Current Pointer (CP) at the center. 


RARC Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
relative coordinates 

AEARC Draw an ellipse arc by using the Current Pointer (CP) as a start point with an end point and a center point of 
the absolute coordinates 


REARC Draw an ellipse arc by using the Current Pointer (CP) as a start point with an end point and a center point of 
the relative coordinates 
AFRCT Paint a rectangular area specified by the Current Pointer (CP) and command parameters (absolute 


coordinates) according to a figure pattern stored in the Pattern RAM (Tiling) 


RFRCT Paint a rectangular area specified by the Current Point (CP) and command parameters (relative coordinates) 
according to a figure pattern stored in the Pattern RAM (Tiling) 

PAINT Paint a closed area surrounded by edge color using a figure pattern stored in the Pattern RAM (Tiling) 

DOT Mark a dot on the coordinates where the Current Point (CP) indicates. 


PTN Draw a graphic pattern defined in the Pattern RAM onto a rectangular area specified by the Current Pointer 
(CP) and by the pattern size (rotation angle’ 45°) 


ELPS Draw a ellipse whose shape is specified by command parameters, placing the Current Pointer (CP) at the 
center. 

AARC Draw an arc by using the Current Pointer (CP) as a start point with an end point and a center point of the 
absolute coordinates. 






AGCPY Copy a rectangular area specified by the absolute coordinates to the address specified by the Current Pointer 


(CP) (rotation angle: 90°/mirror turnover). 






Copy a rectangular area specified by the relative coordinates to the address specified by the Current Pointer 
(CP) (rotation angle: 90°/mirror turnover). 


RGCPY 
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Operation Code Parameter 
15 87 54 32 0 =15 0 
15 0 


Parameter 


Figure 36 Graphic Drawing Command Format 


Operation Mode Figure 37 shows examples of a drawing pattern applied with 
The Operation Mode (OPM bits) of the Graphic Drawing various OPM modes. 
Command specify the logical drawing condition. 


Table 5-2 Operation Mode 
Operation Mode 


REPLACE: 
Replaces the frame buffer data with the color data. 
OR: 
ORs the frame buffer data with the color data. The result is rewritten to the frame buffer. 
AND. 
ANDs the frame buffer data with the color data. The result is rewritten to the frame buffer. 


EOR: 
EORs the frame buffer data with the color data. The result is rewritten to the frame buffer 


CONDITIONAL REPLACE (Read Data= CCMP): 
When the frame buffer data at the drawing position is equal to the comparison color (CCMP), the frame 
buffer data is replaced with the color data. 


CONDITIONAL REPLACE (Read Data# CCMP): 
When the frame buffer data at the drawing position is not equal to the comparison color (CCMP), the frame 
buffer data is replaced with the color data. 


CONDITIONAL REPLACE (Read Data< CL): 
When the frame buffer data at the drawing position is less than the color register data (CL), the frame buffer 
data is replaced with the color data. 


CONDITIONAL REPLACE (Read Data= CL): 
When the frame buffer data at the drawing position is greater than or equal to the color register data (CL), 
the frame buffer data is replaced with the color data. 

Note) In case that the read data = CL, and CL is used for the color data to be drawn, replacement cannot be 
identified, because replaced data is the same color as the read data. 


























Note 1) The color data is generally the color register data (CL) which ts erther CLO or CL1 selected by the pattern pointer. But in case of COL=11, 
pattern RAM data directly becomes the color data, and in graphic copy commands (AGCPY and RGCPY), it is the source area data. 

Note 2) The same color should be set to both CLO and CL1 (CLO=CL1) when using a graphic copy command at OPM=110 or 111, or when using 
COL=11 at OPM=110 or 111. 
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Drawing Pattern Replacement AND 





Frame Buffer Image before Drawing 


Figure 37. Operation Mode Examples 


Color Mode Table 5-3 Color Mode 
The Color Mode (COL bits) specifies the source of the draw- 
ing color data as directly or indirectly (using the Color Registers) Color Mode 


determined by the contents of the Pattern RAM. When Pattern RAM data = O, Color Register 0 is 
used 
When Pattern RAM data = 1, Color Register 1 is 
used 
When Pattern RAM data = O, drawing ts 
suppressed. 
When Pattern RAM data = 1, Color Register 1 is 
used | 
When Pattern RAM data = O, Color Register O 1s 
used 


When Pattern RAM data = 1, drawing is 
suppressed. 


Pattern RAM contents are directly used as color 
data 
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The Color Mode chooses the source for color information 
based on the contents (0 or 1) of a particular bit in the 16 bit by 
16 bit (32 byte) Pattern RAM. A sub-pattern is specified by pro- 
gramming the Pattern RAM Control Register (PRC) with the 


Pattern RAM (16 x 16 bits) 






(PEX, PEY) 


(PPX, PPY) 


(PSX, PSY) 


Figure 38 Pattern RAM 


start (PSX, PSY) and end (PEX, PEY) points which define the 
diagonal of the sub-pattern. Furthermore, a specific starting point 
for Pattern RAM scanning is specified by PPX and PPY. 
Normally, the color register (CLO or CL1) should be loaded 
with one color data based on the number of bits per pixel. For 
example, if 4 bits/pixel are used, the 4 bit color pattern (e.g. 
0001) should be repeated four times in the color register, i.e. 


Color Register = {000 11000 1/000 1/0001 | 


In this way, color changes due to changing dot address are 
avoided. 


Table 5-4 Drawing Area Mode 


AREA Drawing Area Mode 
lo 0 OF Drawing is executed without Area checking. 
When attempting to exit the Area, drawing !s 
stopped after setting ABT (Abort Bit). 


Drawing suppressed outside the Area (Drawing 
operation continues and the ARD flag is not set 
outside the Area) 


Drawing suppressed outside the Area (Drawing 
operation continues and the ARD flag is set at 
every drawing operation outside the Area). 


Same as AREA = 000. 


When attempting to enter the Area, drawing is 
stopped after setting ABT (Abort Bit). 


Drawing suppressed inside the Area (Drawing 
operation continues and the ARD flag ts not set 
inside the Area). 
Drawing suppressed inside the Area (Drawing 


operation continues and the ARD flag ts set at 
every drawing operation inside the Area) 
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Area Mode 

Prior to drawing, a drawing area may be defined (Area Defini- 
tion Register). Then, during Graphics Drawing operation the 
ACRTC will check if the drawing point is attempting to enter or 
exit the defined drawing area. Based on eight Area Modes, the 
ACRTC will take appropriate action for clipping or hitting. 


se SYSTEM INTERFACE 
@ BASIC CLOCK 

The ACRTC basic clock is 2CLK. 2CLK controls all primary 
ACRTC display and logic timing parameters. 

2CLK, along with the specification of number of bits per logi- 
cal pixel, the Graphic Address Increment mode, and the Display 
Access mode, also determines the video data rate. 

The basic clock must be input with its cycle, max. and min. of 
‘‘High”? and ‘‘Low’’ level width as shown in the AC charac- 
teristics. 

In any case, be careful not to stop the basic clock, fixing it at 
‘**High’’, ‘‘Low’’, or open, which can destroy the LSI. 


@ CRT INTERFACE 
Frame Buffer Access 
(1) Access Modes 
The three ACRTC display memory access modes are Single, 
Interleaved and Superimposed. 


(a) Single Access Mode 
A display (or drawing) cycle is defined as two cycles of 
2CLK. During the first 2CLK cycle, the frame buffer display 
or drawing address is output. During the second 2CLK cy- 
cle, the frame buffer data is read (display cycles and/or 
drawing cycles) or written (drawing cycles). 
In this mode, display and drawing cycles contend for access 
to the frame buffer. The ACRTC allows the priority to be 
defined as display priority or drawing priority. If display has 
priority, drawing cycles are only allowed to occur during 
horizontal/vertical flyback period. So, a ‘flashless’ display is 
obtained at the expense of slower drawing. If drawing has 
priority, drawing may occur during display, so high speed 
drawing is obtained. However the display may flash. 

(b) Interleaved Access Mode (Dual Access Mode 0) 
In this mode, display cycles and drawing cycles are inter- 
leaved. A display/drawing cycle is defined as four cycles of 
2CLK. During the first 2CLK cycle, the frame buffer display 
address is output. During the second 2CLK cycle, the dis- 
play data is read from the frame buffer. During the third 
2CLK cycle, the frame buffer drawing address is output. 
During the fourth 2CLK cycle, the drawing data is read or 
written. 
Since there is no contention between display and drawing cy- 
cles, a ‘flashless’ display is obtained while maintaining full 
drawing speed. However, for a given configuration, frame 
buffer memory access time must be twice as fast as an 
equivalent Single Access Mode configuration. 

(c) Superimposed Access Mode (Dual Access Mode 1) 
In this mode, two separate logical screens are accessed dur- 
ing each display cycle. The display cycle is defined as four 
2CLK cycles. During the first 2CLK cycle, the Background 
(Upper, Base, or Lower) screen frame buffer address is out- 
put. During the second 2CLK cycle, the Background screen 
display data is read. During the third 2CLK cycle, the win- 
dow screen frame buffer address or the drawing frame buffer 
address is output. During the fourth 2CLK cycle, the win- 
dow screen display or drawing data is read (display or draw- 
ing) or written (drawing). Note that the third and fourth cy- 
cles can be used for drawing (similar to Interleaved mode) 
when these cycles are not used for Window display. 
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Figure 39 Single Access Mode Timing 
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Figure 41 Superimposed Access Mode Timing 
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(2) Graphic Address Increment Mode (GAI) 

During display operation, the ACRTC can be programmed to 
control the graphic display address in seven ways including incre- 
ment by 1, 2, 4, 8 and 16* words, 1 word every two display cy- 
cles and no increment. 

Setting GAI to increment by 2, 4, 8 or 16 words per display 
cycle achieves linear increases in the video data rate i.e. for a 
given configuration setting GAI to 2, 4, 8 or 16 words will 
achieve 2, 4, 8 or 16 times the video data rate corresponding to 
GAI = 1. This allows i increasing the number of bits/ logical pixel 
and logical pixel resolution while meeting the 2CLK maximum 
frequency constraint. 





Table 6 shows the summary relationship between 2CLK, Dis- 
play Access Mode, Graphic Address Increment, number of bits/ 
logical pixel, memory access time and video data rate. The frame 
buffer cycle frequency (Fc) is shown by the following equation 
where: 


Fv = _ Dot Clock 
N = Number of bits/logical pixel 
D = _ Display Access Mode 
1 for Single Access Mode 
2 for Interleaved and Superimposed Access Modes 
A = _ Graphic Address Increment (1/2, 1, 2, 4, 8, 16) 
Fo = (Fv X N X D)/(A X 16) 


Table 6 Graphic Address Increment Modes 












Number of 
Bits/Pixel 








Dynamic RAM Refresh 

When dynamic RAMs (DRAMs) are used for the frame 
buffer memory, the ACRTC can automatically provide DRAM 
refresh addressing. 

The ACRTC maintains an 8 bit DRAM refresh counter which 
is decremented on each frame buffer access. During 
low, the ACRTC will output the sequential refresh addresses on 
MAD. The refresh address assignment depends on Graphic Ad- 
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have 128 refresh cycles of 2 ms, HSW must be greater than or 


equal to 5. 
HSW 2 128/ (2 X 15.75) = 4.06 


Table 7 GAI and DRAM Refresh Addressing 


Graphic Address Refresh Address Output 


| M T i 

dress Increment (GAI) mode as shown in Table 7. els La ode erminal 

The ACRTC provides ‘‘0”’ output on the remaining address +0 (GAI= 101) MAD,~MAD, 
aes ie ena eer eae +1 (GAI=000) MAD,~MAD, 

refresh cycle timing must be factored into the deter- = 

mination of FISYNC low pulse width (HSW — specified in units +2 (GAI=001) MAD ,~MAD, 
of frame buffer memory cycles). is +4 (GAI=010) MAD,~MAD, 

If the horizontal scan rate is Fh (kHz), number of DRAM re- a aes a 
fresh cycles is N and the DRAM refresh cycle time is Tr (msec) BSlaVenly us MAD 9—MAD 16 
then horizontal sync width (HSW) is specified by the following +16 (GAI= 100) MAD ,~MAD,, 
equation: _111 

For example, if the scan rate is 15.75 kHz and the DRAMS 
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Figure 43. DRAM Refresh Timing 


External Synchronization 

The ACRTC EXSYNC pin allows synchronization of multiple 
ACRTCs or other video signal generators. The ACRTC may be 
programmed as a single Master device, or as one of a number of 
Slave devices. 

To synchronize multiple ACRTCs, simply connect all the 
EXSYNC pins together. 

For synchronizing to other video signals, the connection 
scheme depends on the raster scan mode. In Non-Interlace 
mode, EXSYNC corresponds to VSYNC. In Interlace modes, 
EXSYNC corresponds to VSYNC of the odd field. 

Note 1) The ACRTC performs the synchronization every time it 

accepts the pulse input from EXSYNC in the slave 
mode. 
It is recommended that the synchronous pulse should 
be input from EXSYNC only when the synchronization 
gap between the synchronous signal of the master de- 
vice and that of ACRTC in the slave mode (HSYNC 
and VSYNC are output also in the slave mode.). 

Note 2) The ACRTC needs to be controlled not to draw during 
EXSYNC input. 


Clock 
Signal 





2CLK 






ACRTC 
(slave) 


EXSYNC 









2CLK 


ACRTC 
(slave) 


EXSYNC 








Figure 44 External Synchronization 


@ MPU INTERFACE 

MPU Bus Cycle 

The ACRTC interfaces to the MPU as an 8 or 16 bit periph- 
eral as configured during RES. et 

An MPU bus cycle is initiated when CS is asserted (following 
the assertion_of RS and R/W). The ACRTC responds to CS low 
by asserting DTACK low to complete the data transfer. DTACK 
will be returned to the MPU in between 1 and 1.5 2CLK cycles. 

MPU WAIT states will be added in the following two cases. 
(a) If the ACRTC 2CLK input is much slower than the MPU 

clock, continuous ACRTC accesses may be delayed due to 

internal processing of the previous bus cycle. 

Note) CS ‘“‘High” width must not be less than two 2CLK 
cycles. 

(b) If a read cycle immediately follows a write cycle, 2 WAIT 
state may occur due to ACRTC preparation for bus ‘turn- 
around’. However, MPUs (for example 68000) normally 
have no instruction which lets a read cycle follow a write cy- 
cle immediately. 

For connection to synchronous bus interface MPUs, DTACK 
can simply be left open assuming the system design guarantees 
that WAIT states cannot occur as described above. If WAIT 
States may occur, DTACK can be used with external logic to 
synthesize a READY signal. 


DMA Transfer 

The ACRTC can interface with an external DMA controller 
using three handshake signals, DMA Request (DREQ), DMA 
Acknowledge (DACK) and DMA Done (DONE). 

The ACRTC uses the external DMAC for two types of trans- 
fers, Command/Parameter DMA and Data DMA. For both 
types, DMA transfers use the ACRTC read and write FIFOs. 


(1) Command/Parameter DMA 

The MPU initiates this mode by setting bit 12 (CDM) in the 
ACRTC Command Control Register to 1. Then, the ACRTC will 
automatically request DMA transfer for commands and their as- 
sociated parameters as long the write FIFO has space. Only cycle 
Steal request mode (DREQ pulses low for each data transfer) can 
be used. Command/Parameter DMA is terminated when the 
MPU resets bit 12 in CCR to 0 or the external DONE input is 
asserted. 


(2) Data DMA 
Data DMA is used to move data between the MPU system 
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memory and the ACRTC frame buffer. 

The MPU sets-up the transfer by specifying the frame buffer 
transfer address (and other parameters of the transfer, such as 
‘on-the fly’ logical operations) to the ACRTC. Next, when the 
MPU issues a Data Transfer Command to the ACRTC, the 
ACRTC will request DMA transfer to and from system memory. 
The ACRTC will request DMA, automatically monitoring FIFO 
status, until the DMA Transfer Command is completed. 

Data DMA request mode can be cycle steal (as in Command/ 
Parameter DMA) or burst mode in which DREQ is a low level 
control output to the DMAC which allows multiple data transfers 
during each acquisition of the MPU bus. 


Interrupts 

The ACRTC recognizes eight separate conditions which can 
generate an interrupt including command error detection, com- 
mand end, drawing edge detection, light pen strobe and four 
FIFO status conditions. Each condition has an associated mask 
bit for enabling/disabling the associated interrupt. The ACRTC 
removes the interrupt request when the MPU performs appropri- 
ate interrupt service by reading or writing to the ACRTC. 


a DISPLAY FUNCTION 
© SCREEN DISPLAY CONTROL 
Logical Display Screens 
The ACRTC allows division of the frame buffer into four 
separate logical screens. 


Screen Number Screen Name Screen Group Name 
0 Upper Screen 
1 Base Screen + Background Screens 
2 Lower Screen 
3 Window Screen 


In the simplest case, only the Base screen parameters must be 
defined. Other screens may be selectively enabled, disabled and 
blanked under software control. 

The Background (Upper, Base and Lower) screens partition 
the display into three horizontal splits whose positions are fully 









programmable. A typical application might use the Base screen 
for the bulk of user interaction, using the Lower screen for a 
‘status line(s)’ and the Upper screen for ‘pull-down menu(s)’. 

The Window screen is unique, since the ACRTC usually gives 
the Window screen higher priority than Background screens. 
Thus, when the Window, whose size and position is fully pro- 
grammable, overlaps a Background screen, the Window screen is 
displayed. The exception is the ACRTC Superimposed Access 
Mode, in which the Window has the same display priority as 
Background screens. In this case, the Window and Background 
screen are ‘superimposed’ on the display. 


Base 


Base |Window 


Base 
Window 


Figure 45 Screen Combination Examples 









Frame Memory Setup 

The ACRTC can have two types of independent frame 
memories, 2M byte frame buffer and 128k byte refresh memory, 
and CHR signal controls which memory to be accessed. 

For the frame memory, memory width is defined by setting 
up Memory Width Register (MWR), and horizontal display 
width is independently defined by Horizontal Display Register 
(HDR). Therefore the frame memory area can be specified 
bigger than display area as shown in Figure 46. 


Sees Memory Width» 


Start Address 


Display Screen Area Vertical 


Frame Image 


: : 


orizontal 
Display Width 





Display 
Width 


Figure 46 Frame Memory and Display Screen Area 
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Display Control Each screen has its own memory width, start address, vertical 
Figure 47 shows the relation between the frame memory and display width, and attribution of frame memory (character/ 
the display screens. graphic), and those are specified by the control registers. 
Frame Buffer Defined Frame Buffer 
for Character  __________——- MW0 ——___—______}+ 
0000 Sa ge 


SARO 













: Layout 


FFF *S } : Symbol 


Frame Buffer 


for Graphic 
00000 (77> ~~~ 1 
File Name : MOS 
FFFFF rs ee ee es oe 





: Layout 
: Symbol 


Figure 47 Frame Memory and Display Screens 
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Figure 48 shows the relation between the control registeis and control are set in units of rasters. 
the display screens. Registers for horizontal display control are Note a display width specified by * marked register is: 
set in units of memory cycles, and registers for vertical display (Display width) = (Setup value) + 1 memory cycles 

















Display Screen Period 


(Upper) 





(Window) 





(Base) 
(Base) 


Retrace Period 


Figure 48 Display Screen Specification 
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Horizontal Display Start 
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SW-M Horizontal Window 
Horizontal Window Start Width 
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"*H= + Cycle . ———— 
. me uM a —_— 
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i] ee 
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- 
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DISP2 Vertical Split Screen 
Display O Vertical cee Split Screen 2 Ver- Vertical 
Start Display Width Display Width tical Display Width Sync Width 
VvDS-+ PO-H SP1-H -- SP2-H VSWH 
VWS -H : z wi VWW:-H ee sg 
Vertical Window Start Vertical Window Width 
VC-H 
Vertical 
Cycle 


Figure 49 Display Scan Sequence (Horizontal and Vertical) 
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Graphic/Character Address Spaces 

The ACRTC controls two separate logical address spaces. The 
CHR pin allows external decoding if physically separate frame 
memories are desired. 

Each of the four logical screens (Upper, Base, Lower and 
Window) is programmed as residing in the Graphics address 
space or the Character address space. 

ACRTC accesses to Graphics screens are treated as bit map- 
ped using a 20 bit frame buffer address, with an address space of 
one megaword (1M by 16 bit). 

ACRTC accesses to Character screens are treated as character 
generator mapped. In this case, a 64k word address space is used 
and 5 bits of raster address are output to an external character 
generator. 

Multiple logical screens defined as Character can be externally 
decoded to use separate character generators or different ad- 
dresses within a combined character generator. Also, each Char- 
acter screen may be defined with separate line spacing, separate 
cursors, etc. 


@ CURSOR CONTROL 
The ACRTC has two Block Cursor Registers and a Graphic 
Cursor Register. 


1F ——— First Raster Address 


>_<} 00 (FRA) 


08 ~-—— Last Raster Address 
(LRA) 


Raster Address 


Figure 50 Character Screen Raster Addressing 


-9goesq- 


BCSR=07 
BCER=07 


BCSR=02 
BCE R=07 





A Block cursor is used with Character screens. The cursor 
start and ending raster addresses are fully programmable. Also, 
the cursor width can be defined as one to eight memory cycles. 

A Graphic cursor is defined by specifying the start/end memo- 
ry cycle in the X dimension and the start/end raster in the Y 
dimension. 

The Graphic cursor can be output on character and Graphic 
screens. 

The ACRTC provides two separate cursor outputs, CUD1 and 
CUD2. These are combined with two character cursor registers 
and a graphic cursor register to provide three cursor modes. 





(1) Block Mode 
Two Block cursors are output on CUD1 and CUD2 respec- 
tively. 

(2) Graphic Mode 
The Graphic cursor is output on CUD1. Using an external 
cursor pattern memory allows a graphic cursor of various 
shapes. Two Block cursors are multiplexed on CUD2. 

(3) Crosshair Mode 
The horizontal and vertical components of the Graphic cur- 
sor are output on CUD1 and CUD2 respectively. This allows 
simple generation of a crosshair cursor control signal. 
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Cursor 


AcRT(c| 


Cursor2 





Figure 51 Two Separate Block Cursors 


BCSR=00 
BCER=02 


Figure 52 Block Cursor Examples 
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Figure 53 Graphic Cursor 


CUD 1 EN atu 
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Figure 54 Crosshair Cursor 


@ SCROLLING 
Vertical Scroll 

Each logical screen performs independent vertical scroll. On 
Character Screens, vertical smooth scroll is accomplished using 
the programmable Start Raster Address (SRA). Line by line 
scroll is accomplished by increasing or decreasing the screen start 
address by one unit of horizontal memory width. 

On Graphics screens, vertical smooth scroll is accomplished by 
increasing or decreasing the screen start address by one unit of 
horizontal memory width. 


Horizontal Scroll 

Horizontal scroll can be performed in units of characters for 
Character screens and units of words (multi logical pixels) for 
Graphic screens by increasing or decreasing the screen start ad- 
dress by 1. 

For smooth horizontal scroll, the ACRTC has dot shift video 
attributes which can be used with an external circuit which condi- 
tions shift register load/clocking. 

Since this dot shift information is output each raster, horizon- 
tal smooth scroll is limited to either the Background screens or 
the Window screen at any ~given time. However, horizontal 
smooth scroll is independent for each of the Background screens 
(Upper, Base, Lower). 
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Defined Frame Buffer 








@ Start Address (SAR) 


@ Start Address (SAR’) 






Scrolling 
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@ Display (SAR) @ Display (SAR’) 


Figure 55 Scrolling by SAR (Start Address Register) Rewrite 
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Figure 56 Horizontal Smooth Scroll — Background Screen 
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DISP2 
1 Display Cycle 





B = Background Address 
? Empty Cycle or Drawing Cycle 
W Window Address 


Figure 57 Horizontal Smooth Scroll — Window Screen (WSS= 1) 


® RASTER SCAN MODES 

The ACRTC has three software selectable raster scan modes 
— Non-Interlace, Interlace Sync and Interlace Sync & Video. In 
Non-Interlace mode a frame consists of one field. In the Interlace 
modes, a frame consists of two fields, the even and odd fields. 

The Interlace modes allow increasing screen resolution while 
avoiding limits imposed by the CRT display device, such as 
maximum horizontal scan frequency or maximum video dot rate. 

Interlace Sync mode simply repeats each raster address for 
both the even and odd fields. This is useful for increasing the 


1F 

o-oo =O 
1-O——__©-- 
02-Q-——_©-- 
03 -EE086Eeee- 
04 —3----—______—_-—- 
5-O=————-C- 
b= —o- 


07 
08 


Non-Interlace 


interlace Sync. 


quality of a displayed figure when using an interlaced CRT device 
such as a Television Set with RF modulator. 

Interlace Sync & Video mode displays alternate even and odd 
rasters on alternate even and odd fields. For a given number of 
rasters/character, this mode allows twice as many characters to be 
displayed in the vertical direction as Non-Interlace mode. 

Note that for Interlace modes, the refresh frequency for a 
given dot on the screen is one-half that of the Non-Interlace 
mode. Interlace modes normally require the use of a CRT with a 
more persistent phosphor to avoid a flickering display. 








Interlace Sync. & 
Video 


Figure 58 Raster Scan Modes 
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Figure 59 Raster Scan Timing 


® ZOOMING 

The ACRTC supports a zoom function for the Base screen 
(Screen 1). Note that ACRTC zooming is performed by controll- 
ing the CRT timing signals. The contents of the frame buffer 
area being zoomed are not changed. 

The ACRTC allows specification of zoom factors (1 to 16) in- 


For horizontal zoom, the programmed zoom factor is output 
as video attributes. An external circuit uses this factor to condi- 
tion the external shift register clock to accomplish horizontal 
zooming. 

For vertical zoom, no external circuit is required. The 
ACRTC will scan a single raster multiple times to accomplish 


dependently in the X and Y directions. vertical Zooming. 
1x1 3x1 
A ii 
1x2 3x2 


J $05" 


Figure 60 Zooming 
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® LIGHT PEN 

The ACRTC provides a 20 bit Light Pen Address Register 
and a Light Pen Strobe (LPSTB) input pin for connection with a 
light pen. 

A light pen strobe pulse will occur when the CRT electron 
beam passes under the light pen during display refresh. When 
this pulse occurs, the contents of the ACRTC display refresh ad- 
dress counter will be latched into the Light Pen Address Register 
along with a logical screen (Character or Graphic screen) desig- 
nator. Also, an ACRTC status flag indicating light pen activity is 
set, generating an optional (maskable) MPU interrupt. Note that 
for Superimposed access mode, when the light pen strobe occurs 
in an area in which the Window overlaps a Background screen, 
the Background screen address will be latched. And even for all 
access mode, the Drawing address will never be latch. 

Various system and ACRTC delays will cause the latched ad- 
dress to differ slightly from the actual light pen position. The 
light pen address can be corrected using software, based upon 
system specific delays. Or, if the application does not require the 
highest light pen pointing resolution, software can ‘bound’ the 
light pen address by specifying a range of values associated with a 
given area of the screen. 


m NOTES ON SYSTEM DESIGNING 

@ GND IMPEDANCE 

Problem Description 
In case that load capacitance on frame memory address/data 

bus (MAD) and GND impedance are large, noise may occur on 

output signals especially at the following timings: 

1) Starting of address output on MAD,—MAD,, (plus MAj¢/ 
RA,— MA,,/RA;) 

2) MAD,—MAD,, turning high impedance after address output 

3) Starting and finishing of drawing data output on MAD,— 
MAD,, 

4) Starting and finishing of video attributes output on MAD,— 
MAD,, (plus MA,,./RAy— MA,,/RAs) 


The noise generally occurs sharply on “Low” leveled output 
signals as shown in Figure 61 and Figure 64. This problem is 
caused by GND impedance, as MAD bus and output signal lines 
are sharing GND line in side the LSI as shown in figure 62. De- 
pending on impedance of the GND line, the GND level is inf- 
luenced by excessive discharge on internal GND line which oc- 
curs when MAD state changes from high impedance to ‘‘Low”’ 
level, from ‘‘High’’ level to ‘‘Low”’ level, or from ‘‘High’’ level 
to high impedance. 

In case that load capacitance on bi-directional host system data 
bus and GND impedance are large, noise may occur on output 
signals at data turnings. However, the level of this noise is much 
lower than that of the former case, because the GNDs for the 
data bus and output signal lines are almost separated to minimize 
the noise. 

Note the level of the noise increases depending on the load 
capacitance. So the load capacitance should be less than the 
condition in Figure 20. 


Problem Analysis 

Figure 63 shows the relations between the noise voltage and 
parameters: Vcc, GND impedance, load capacitance on MAD, 
and number of MAD lines which cause discharge. As level of 
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noise depends on these parameters and output signal pins, it is 
required to check the condition of the system. Following output 
signal pins tend to have remarkable noise: Rares 
MA,,/RA,—MA,,/RA,, RA,, CHR, MRD, DRAW, DISP1, 
DISP2, and others 
A typical waveform of the noise is shown in Figure 64, and the 
noise voltage in the worst case is shown in Figure 65. 


Countermeasures 
In case of having the noise, please take measures for design- 

ing the system as follows: 

1) Latch MA,,/RA,—MA,,/RA, and RA, by AS as shown in 
Figure 66. 

2) Latch output signals other than MA/RA by 2CLK rising or 
falling, or by other timings as shown in Figure 67. Latch 
timing should be determined in consideration of the noise 
timing and clock timing/other timings. 

3) Insert Schmitt trigger circuit in output signal lines which 
have little noise as shown in Figure 68. For taking this 
measure instead of former measures, please check the condi- 
tion of each output signal line, such as noise level and pulse 
width. 

Following are measures to reduce the discharge into the inter- 
nal GND line and the noise level. 

1) Reduce the load capacitance on MAD bus. If it is large, bus 
buffer is necessary. 

2) Keep supply voltage (Vcc) as low as possible. 

3) Insert damping resistors into MAD,)-MAD,; as shown in 
Figure 24. The damping resistors are 50-1000, and should be 
located as near pins as possible. Figure 69 shows the effect of 
the damping resistors. This is also a measure against ringing 
problem (Figure 23). 


Relational Notes 

Rush current occurs at switching of output signals. 

Level of this transient depends on load capacitance of external 
circuit, clock frequency, impedance of Vcc and GND, etc. It is 
required to design the system in consideration of measures 
against noise caused by the transient. 


(1) Notes on power supply circuit 

Keep impedance of Vcc and GND as little as possible to 

minimize voltage change as follows. 

1) Use a multilayer board (more than 4 layers with internal 
Vcc and GND). 

2) Keep Vcc and GND lines wide for a doublelayer board. 

3) Insert bypass capacitors as shown in Figure 25. 

4) Keep no voltage difference between each Vcc pin, and 
between each GND pin. (Remark GND voltage for a 
doublelayer board) 


(2) Notes on buses 

Transient occurs at switching of MAD bus and/or host sys- 

tem data bus (about hundreds mA). Followings are meas- 

ures to reduce the transient. 

1) Minimize the load capacitance on MAD,—MAD,, and 
D,—D,; by reducing fan out, inserting bus buffers, or 
shortening the buses. 

2) Insert damping resistors (50-1000) in buses near LSI pins 
as shown in Figure 24. 
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Figure 61 Noise on the ‘‘Low’’ Leveled Output Signals Caused by MAD Change 
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Figure 62 Internal Circuit 
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Figure 63 Relations Between the Noise Voltage and Parameter 
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Figure 64 Typical Waveform of the Noise 
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Figure 65 Relation Between the Noise and MAD Load Capacitance 
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Figure 66 Countermeasure ® Figure 67 Countermeasure @® 
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Figure 68 Countermeasure @) 
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Figure 69 Noise Reduction By Damping Resistors 
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Description Type of Products 

The HD63485 LSI belongs to the ACRTC (advanced Part No. Package 

CRT controller) family. It provides memory access HD63485PS-32 32MHz |64-vin Plastic Shrink DIP 
control to frame buffers for graphic display and | 32M P 

drawing. Incorporating bus driver circuits and a HD63485PS-48 | 48MHz | (DP-64S) 

DRAM (dynamic RAM) interface, the GMIC allows HD63485PS-64 64MHz 

direct connection to DRAMs with no external HD63485CP-32 32MHz |68-pin PLCC 

circuits. Its main function includes address data 

latch, DRAM row and column address multi- HD63485CP-48 48MHz |(CP-68) 





plexing, supplying RAS, CAS, OE, WE, and other HD63485CP-64 
signals, and generating the 2CLK signal for the 

ACRTC. Using the Hi-BiCMOS process, the 

HD63485 achieves high speed memory access with 

low power dissipation. 


Features 


@ Drives frame buffer memory directly (Io, = 24mA 
max) 

Generates DRAM signal: row and column 
addresses,RAS, CAS, OE, WE, etc 

High-speed dot rate input (64 MHz max) 
Direct ACRTC interface 

Generates horizontal scrolling control signals 
Generates load signals for horizontal smooth 
scrolling 

Programmable address increment mode 
Generates 2CLK signal 

TTL-compatible input/output 

Single+5 V power supply 

Low power dissipation 
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Pin Description 


Figure 1 shows the pin arrangement for the 64-pin handle a maximum output current Io, of 24mA. 
shrink-type DIP and the 68-pin PLCC packages. Table 1 describes the pins. 
Pins marked with*are bus drivers, which can 


* 
* 
* 
* 
* 
* 
* 


33 {_] DOTCK 


(DP-64S) 





Figure 1. Pin arrangement 


© HITACHI 
532 Hitachi America Ltd. © 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 





mm fl FG 34BH5 


Power Supply (Vss, Vcc) 


pins. Be sure to connect all four Vss pins to ground 
and both Vcc pins to the power supply. 


Vss and Vcc are the GMIC power supply pins. Vcc 
pins are+5 V+5 % supply pins. Vss are the ground 





Table 1. Pin Description 


Pin Number 


Signal | DIP-64 PLCC-68 
Voc 32,64 3468 | | 


Description 
+5 V power supply 


Vss 16,17, 17,18, Ground 

48,49 51,52 
CDMI1, 34,35 36,37 Clock division ratio 
CDMO 
DAM 63 67 Dual access mode 
IM1, 59,60 63,64 Increment mode 
IMO 
WSS 162 66 Window smooth scroll 
DOTCK | 33 35 Dot clock 
TEST 57 62 Test 
2CLKOUT } 61 65 Clock 


MCYC 10 11 





NS | © 
NM | 00 








Memory cycle 


DRAW Draw 
MRD Memory read 
AS Address strobe 
MA18 30-18, 33-28, Memory address bus 
MAO 6-1 25-19, 
6-1 

HSYNC Horizontal sync 
RA 51 54 Row address strobe 

AS Column address 

strobe 
WE-3-WEO | 53-56 56-59 Write enable 
OE 15 16 Output enable 
FA7-FAOQO | 41-47, 44-50, Frame buffer 
50 53 address 

ADRA- 11-13 12-14 Address 
ADRC 
SCKE 36 38 Shift clock enable 
SLDB, 38, 39 40, 41 Shift load signals 
SLDW 
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Program Pins 


Clock Division Ratio (CDM1, CDM0): The 
CDM1 and CDM0 inputs determine the division 
ratio used to generate 2CLKOUT for the ACRTC from 
the DOTCK input. See Table 2. 


Dual Access Mode (DAM): The DAM input sets 
the access mode as shown in Table 3. 


Increment Mode (IM 1, IM0): The IM1 and 
IN. 0 inputs determine the addresses sent from 
memory addresses (MA 18-MA0) as the frame 
buffer output (FA 7-FA 0) to accommodate different 
DRAM types. Table 4 shows the memory address 
outputs corresponding to the IM1 and IM 0 set- 
tings. Note that the frame buffer addresses (FA 7- 
FA (0) have multiplexed memory address outputs. 


IM inputs are closely related to the graphic address 
increment (GAI) of the ACRTC (see ACRTC User’s 
Manual). 


Window Smooth Scroll (WSS): When the WSS 
input is low (0), each base screen can be scrolled in 
single access mode, dual access mode 0, and dual 
access mode 1. The SLDB signal contains the 








scrolling data. 


When the WSS input is high (1), the window screen 
can be smooth scrolled in dual access mode 1. The 
SLDW signal contains the scrolling data. 





Operation Control Signals 


Dot Clock (DOTCK): The DOTCK input must 
be the same clock that is supplied to the shift 
register for video signal generation. Dot clock fre- 
quency is determined by the horizontal display resolu- 
tion (pixel count) and the display period of one horizon- 
tal scan. 


Test (TEST): The TEST input is used for 
manufacturing operational testing. It must be fixed 
low when the GMIC is mounted in a system. 


ACRTC Interface Signals 


Clock (2CLK): The 2CLKOUT clock output is a 
basic clock for the ACRTC’s internal operation. 
The GMIC generates 2CLKOUT by dividing the 
high-speed dot clock by the ratio determined by the 
CDM 1 and CDM 0 inputs. 





Table 2. Clock Division Ratio 





CDM 1 CDM O Division Ratio 
0 0 Not allowed 

0 1 Divide by 4 

1 0 Divide by 8 

1 1 Divide by 16 





Table 4. Increment Mode 


Table 3. Access Modes 


DAM Access Mode 
0 Single access mode 
1 Dual access mode 


Increment Address Output to Address Output to 
IM 1 IMO Mode FA 7-FAO ADRC-ADRA 
0 0 +1 MAi5-MAs, MA7-MAo MAis, MAi7, MAieé 
0 1 +2 MA16-MAg, MAs-MAi MAo, MAi7, MAis8 
1 0 +4 MA17-MAi0, MAg-MAz2 MAo, MA:, MAig 
1 1 +8 MAis-MAi1, MAi0-MA3 MAo, MAi, MA2 
€ HITACHI 
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Memory Cycle (MCYC): The MCYC input 
indicates the ACRTC’s frame buffer access timing. 
MCYC is low when the ACRTC is in the address 
cycle, and high when the ACRTC is in the data 
cycle. 


Draw (DRAW): The DRAW input indicates 
whether the ACRTC memory cycle is a drawing 
cycle. DRAW is low during drawing cycle, and high 
otherwise. The GMIC uses DRAW to recognize 
display cycles, and also to generate DRAM control 
signals (WE 3-WE 0). 











Memory Read (MRD): The MRD input controls 
data transfer between frame buffers and the 
ACRTC. The ACRTC pulls MRD high when it 
reads data from the frame buffer, and low when it 
writes data. 


The only exception is when the ACRTC is in 
superimpose display mode (dual access mode 1). In 
superimpose display mode, the ACRTC inputs a low 
level and reads data from a frame buffer in order to 
indicate that the display cycle is for a superimposed 
screen (window screen). 


Address Storbe (AS): The AS input is a latch 
timing signal for the memory address sent from the 
ACRTC. Additionally, AS indicates whether 
memory is begin accessed. For example, for 
horizontal zooming, the SLDB signal is provided at 
a lower frequency, corresponding to the lower 
frequency of AS. 





Memory Address Bus (MA1s-MAo): The MA,.- 
MA, inputs are address signals for frame buffer 
access, provided by the ACRTC. 


Horizontal Syne (HSYNC): The HSYNC input 
is a DRAM refresh cycle control signal to horti- 
zontally synchronize CRT displays. The GMIC 
performs RAS only refresh when HSYNC is low 
and DRAW is high when AS pulses are input. 





Setting HSYNC low informs the GMIC of the end 
of a raster display. Usually, the ACRTC’s HSYNC 
output supplies this input. 


Frame Buffer Access Signals 


—-—. 


Row Address Strobe (RAS): The GMIC outputs 
the DRAMs’ RAS timing signal on the RAS output. 
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Column Address Strobe (CAS): The GMIC 
outputs the DRAMs’ CAS timing signal on the CAS 
output. 


Write Enable (WE 3-WE 0): The GMIC outputs 
the DRAM’s WE timing signals on the WE outputs. 
Since WE 3-WE 0 are controlled by the increment 
mode (IM 1, IM 0) and by the lower two bits of the 
address (MA 1, MAO), the GMIC can directly 
control up to four memory banks. Up to eight 
memory banks can be controlled by externally 
decoding the address (ADRC) and WE 3-WE 0. 


WE 3-WE0 are bus driver that can handle a 
maximum output current Io, of 24 mA. 

Output Enable (OE): The GMIC outputs the 
DRAMsg’ output timing signal on the OE output. OE 
is a bus driver that can handle a maximum output 
current Io, of 24 mA. 


Frame Buffer Address (FA 7-FA 0): The GMIC 
outputs the multiplexed DRAM address on FA 7- 
FA 0. How the address is multiplexed depends on 
the incerment mode (table 4). FA 7-FA0 are bus 
drivers that can handle a maximum output current 
lou: of 24mA. 


Address (ADRA-ADRC): The GMIC latches 
three address bits other than those delivered on the 
FA 7-FA 0 bits and outputs them on ADRA-ADRC 
in one memory cycle. 


GVAC Control Signals 


Shift Clock Enable (SCKE): The SCKE output 
controls the GVACs’ video signal generation shift 
register. It outputs a control signal for zooming 
according to the horizontal zoom signal (attribute 
control signal) from the ACRTC. The GVAC 
performs horizontal zoom by halting the clock 
when SCKE is low. 


Shift Load Signals (SLDB, SLDW): The SLDB 
and SLDW outputs are load signals for the display 
data of the video signal generation shift register. 
The SLDB output is used for single access mode, 
dual access mode 0, and dual access mode 1. The 
SLDW output controls the window screen in dual 
access mode 1. 
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Functional Description 


Figure 2 is a block diagram of the HD63485. 
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Figure 2. GMIC Block Diagram 
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2CLK Generator 


The 2CLK generator generates 2CLKOUT for the 
ACRTC and itself by dividing the external DOTCK 
signal. The ratio of DOTCK to 2CLKOUT is set exter- 
nally by the CDM 1 and CDM 0 inputs. 


Attribute Latch 


The attribute latch temporarily stores the attribute 
codes input from the ACRTC on MA 18-MA 0 used 
for horizontal zoom (HZ 3-HZ0) and _ horizontal 
scroll dot (HSD 3-HSD 0). 


Zoom Control 

Zoom control generates the SCKE signal from 
DOTCK to control the GVAC clock for horizontal 
display zooming. 

Scroll Control 

Scroll control generates shift load signals (SLDB, 


SLDW) which control video signal generation for 
the GVAC. 
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Address Shifter 


The address shifter stores memory addresses 

(MA 18-MA 0) sent from the ACRTC. It supplies 
them to the RAM address section according to the 
timesharing mode selected by the graphic increment 
mode (IM 1, IM 0). 


ADRA-ADRC Latches 


The ADRA-ADRC latches store the lower or upper 
address bits which are not supplied to FA 7-FA 0 
from the memory address sent from the ACRTC. It 
outputs them for the whole memory cycle. 


RAM Address Selection 


The RAM address selection circuits output the 
timeshared row and column addresses to the frame 
buffers according to the RAS and CAS timing. 








DRAM Control and WE Control 


The DRAM and WE control circuits generate RAS, 
CAS, OE, and WE signals for frame buffer access 
from the ACRTC output signals. 
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System Description 
Applications 


The GMIC provides communications between the 
ACRTC and frame buffers. It contains control 
circuits for generating signals necessary for the 
ACRTC to access a frame buffer. In addition it 
generates basic signals for operating the ACRTC 
and control signals for the GVAC (Graphic Video At- 
tribute Controller), which generates the video signals 
for a CRT display. 


The GMIC’s operation mode can be controlled by its 
program pins. This makes the GMIC suitable for a wide 
range of operations, from small, low-speed systems to 
large, high-speed systems, and it allows it to flexibly 
change to suit system specification changes. 


Figure 3 shows a graphic system configuration 
using an ACRTC, GMIC, and GVACs. Using a 
GMIC for interface to the frame buffers and GVACs for 
CRT video signal generation creates a flexible, high- 
performance graphic system with a minimum compo- 
nent count. 


Interface 


System Configuration 


The typical graphic system application for the 
GMIC and GVAC shown in figure 3 uses two 
GVACs, but the number of GVACs used can be 
changed to accommodate CRT resolution and 
color/grey scale per pixel for various applications. 


The GMIC receives memory addresses (MAD,,- 
MAD», MAis-MAj¢), address strobe (AS), memory 
cycle (MCYC), draw (DRAW), memory read 

(MRD), and other ACRTC outputs, and generates 
control signals for the frame buffers. The frame 
buffers are generally constructed from DRAM, 
since graphic systems require large memory 
capacity frame buffers. The GMIC therefore uses a 
DRAM-compatible multiplexing system. Through 
this multiplexing, the GMIC delivers address 
outputs and control signals such as RAS, CAS, WE, 
and OE, acting as a direct interface between the 
ACRTC and the frame buffers. Furthermore, the 
GMIC generates a basic clock signal for the 
ACRTC (2CLK) by dividing the high-speed dot 
clock. It also generates control signals for the 
GVAC. 





RAS, CAS, OE, WE 
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Figure 3. System Application Example 
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Operation 


Basic Clock 


Timing for signals to and from the GMIC is based 
on the dot clock (DOTCK) supplied to the GMIC 
and the clock output (2CLKOUT) generated by 
the GMIC. 2CLKOUT is generated by dividing the 
DOTCK input by the ratio selected by the CDM 1 
and CDM 0 inputs. Figure 4 shows the relation 
between DOTCK and 2CLKOUT. The frequency of 
DOTCK depends on the speed and resolution of the 
CRT display. DOTCK (in MHz) equals the hor- 
izontal resolution (pixels/raster line) by the 
horizontal display raster scan period (us per 
raster). 


foorcx = [Horizontal resolution (pixels/raster) ] / 
[Horizontal display period (us) ] (MHz) 


The dot clock dividing mode should be chosen 
considering the frame buffer cycle time and the 
speed of the ACRTC used. For high-speed drawing, 
a smaller division ratio should be used to supply a 


CDM1 


CDMO , 


higher frequency chock to the ACRTC. For 
applications using low-speed frame buffers and 
extermal circuits, larger division rations should be 


selected to supply a lower frequency clock to the 
ACRTC. 


Note: The maximum DOTCK frequency is 
sometimes limited by the DOTCK division ratio. If 
the division ratio is 8 or 16, the maximum frequency 
is allowed, but if a division ratio of 4 is used, the 
DOTCK frequency is limited to 32 MHz. 


Frame Buffer Control 


The GMIC is designed for use with DRAM frame 
buffer memories. Therefore, the GMIC generates 
DRAM access signals RAS, CAS, WE, and OE. 
Also, it outputs row and column addresses to the 
RAM, timeshared according to RAS and CAS. 











Table 5 shows the GMIC frame buffer access 
modes. The memory cycles are roughly divided into 
six types. They are distinguished by the ACRTC’s 


porek WU 
gk I 


(a) 4-division ratio mode 


Tee A ee ee 
CDMO 7) 


porek WU 
2CLKOUT \ | \ / \ i \ i 


(b) 8-division ratio mode 


CDM1 , 


CDMO 


DoTeK “UU 
2CLKOUT \ / \ / 


(c) 16-division ratio mode 





Figure 4. DOTCK Division 
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output signals (AS, HSYNC, DRAW, MRD). Figure 6 and 7 show read and write cycle timing, 
Figure 5 shows RAS only refresh cycle timing. respectively. 


Table 5. Memory Cycles 


AS | async | oRAw | MRD Cycle Mode Memory Cycle 
Low Low | High =| High | Refresh cycle RAS only refresh 
pulse Drawing write cycle Memory write 
3 
Lo 





Drawing read cycle Memory read 


Ww 
High High Window screen cycle Memory read 
High Background screen display Memory read 


Note: The GMIC performs a frame buffer refresh during a horizontal sync period (HSYNC=low), with DRAW high and AS pulse applied During 
a refresh cycle, only RAS 1s output. CAS and OE are not output. 


® 

DOTCK 4 @) 

@) 
OCUKOUT Vn ttf OO Ne es SC tC 
MOVE Non ent ee ett 
HSYNC _\ [ 
AS a, eS eee 
DRAW [OE ee ee 
cs a a a a a aS 
MAo—MAis {ee 
eR: alee ae ae a a ee ee ee 
Pe aa aa a ae ee 
CAS ee 
Ob) 
WE 
FAO—FA7 


Note: DOTCK, from which 2CLKOUT is generated, is represented in @ 16 divide, @ 8 divide, and @) 4 divide modes. 





Figure 5. RAS Only Refresh Timing 
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MACH Aie Ae EE ee 
A ei 


| ee aia aay, aera ee ee area ee eee ee ee eS 
ae a aaa. ieee ee eee a 
= ALY Ee Se ee eee | 
We? ee 
FAO—FA7 


Note: DOTCK, from which 2CLKOUT is generated, is represented in @ 16 divide, @ 8 divide, and @ 4 divide modes. 





Figure 6. Read Cycly Timing 
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i i A NAC RS eae © 
at a ee (ea Re re enn nie ae eR DERaE @ 


FAO—FA7 Row Address Column Address 


Note: DOTCK, from which 2CLKOUT is generated, is represented in @ 16 divide, @ 8 divide, and @) 4 divide modes. 





Figure 7. Write Cycle Timing 
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Table 6 shows the relation between frame buffer 
addresses (FA7-FA0) and memory address (MAj.- 
MA,), as determined by the increment mode (IM1, 
IM0). FA pins provide multiplexed addresses for 
DRAM, and the remaining address bits are output 
at ADRA-ADRC. The GMIC has four increment 
modes: +1, +2, +4, and +8. This mode should be 
set the same as the ACRTC’s GAI (graphic address 
increment) mode. GAI mode is a bit set according 
to the frame buffer, which sets the increment mode 
for display address output for a graphic address. 


Graphic drawing data is processed on a single word 
(16 bit) basis. The ACRTC sets the bit count per 
pixel by the graphic bit mode (GBM) in its 
command control register, which is more suitable 
for multicolor/grey scale systems. However, if one 
word is definitely read from a frame buffer during 
each display cycle, four pixels per word can be 
displayed when GBM is set to 4 bits per pixel. To 
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implement a CRT display having a 1 bit per pixel 
resolution (16 pixels/word), an input clock four 
times faster must be supplied to the ACRTC. For 
more multicolor/grey scale systems, an ever faster 
clock is required. 


On the other hand, if several words are read from a 
frame buffer during each display cycle, and the 
CRT can have a higher resolution without speeding 
up the ACRTC input clock. For example, in the + 
4 increment mode, when GBM is set to 4 bits/pixel, 
4 words (64 bits) containing 16 pixels can be read in 
one display cycle. 


For one word (16 bits) read during one display 
cycle, the GAI must be set to 000. 


When 32/64/128 bits are required during one 
display cycle for a high-resolution or multicolor/ 
grey scale system, GAI must be set to 001/010/011 





Table 6. Frame Buffer and Memory Addresses 


FA1 MA1 MAQ MA2 MA10 MA3 MA11 MA4. MA12 
FA2 | MA2 MAIO | MA3 — MAI1I MA4 = -MA12_ | MAS — MA13 
FA4 MA4 MA12 MA5 MA13 MAG MA14 MA7 MA15 
FA5 MA5 MA13 MAG MA14 MA7 MA15 MAS MA16 
FAG MAG MA14 MAQ MA17 
ADRA MAO MAO MAO 
Table 7. WE Output Timing 
Increment Input Output 

L L 1 1 1 x L H H H 
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respectively. 


Table 7 shows the output condition of the write 
enable signals WE3-WE0. The four write enable 
signals can directly control up to four memory 
banks. The WE output is determined by DRAW 
MAO, IM], and IMO. 








’ 


Video Shifter Shift Load Signals (SLDB, 
SLDW) 


SLDB and SLDW load timing signals control the 
timing of display data input from a frame buffer to 
the video signal generation shift register (parallel- 
to-serial conversion circuit). SLDB is used for base 
screen in single access mode, dual access mode 0, 
and dual access mode 1. SLDW is used for window 
screens in dual access mode 1. 








Relation of Access Mode and WSS to SLDB 
and SLDW: Table 8 shows the relationship 
between access modes, WSS, and SLDB and SLDW. 
When WSS=0 in single access or dual access 
mode 0, SLDB output timing can be varied 
according to the amount of scrolling for one display 
cycle. SLDW is not output. 














When WSS=0 in dual access mode 1 for the bese 
screen, SLDB output timing can be varied to 
accommodate smooth scrolling according to the 
horizontal scroll dot attribute control signals 
(HSD3-HSD0) supplied by the ACRTC. The 


Table 8. WSS, Access Mode, Shift Load Signals 
wss SLDB SLOW 
0 Single access, 
Dual access 0 
Dual access 1, Scrolling amount 1s permitted Scrolling impossible 
Base screen 
1 Dual access 1, Scrolling impossible Scrolling amount is permitted 
Base screen 


n-1 dot scroll 


n-2 dot scroll 


Scrolling amount is permitted 





SLDW signal is asserted for one period of the last 
dot clock during a display cycle. Its output cannot 
be varied for scrolling. 


When WSS =1, for the window in dual access mode 
1, SLDB signal is asserted and fixed for one period 
of the last dot clock of one display cycle, where as 
SLDW timing can be varied according to scrolling 
amount in one display cycle. 


Amount of Scrolling and Output Timing: 
Figure 8 shows the output timing of the shift load 
signals (SLDB, SLDW) for different amounts of 
scrolling. With increased scrolling, the load signal 
is output earlier by one dot clock. 





Figure 9, 10, and 11 show SLDB and SLDW timing 
for single access, dual access mode 0, and dual 
access mode l, respectively. Figure 12, 13, and 14 
show SLDB timing for double and triple zooming. 





Table 9 shows the attribute codes set for the 
ACRTC and the corresponding scrolling amounts. 
Table 10 shows the relationship between the GMIC 
dot clock division ratios and GVAC shift register 
lengths in corresponding access modes. Display 
colors are determined by the shift register length 
and amount of display data simultaneously read set 
in the ACRTC’s GAI. The single and dual access 
modes are described in the ACRTC User’s Manual, 
Section 3.2 CRT Interface. 


No output 


a | 


No scroll 


+1 dot scroll 





Figure 8. Shift Load (SLDB, SLDW) Output Timing 
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Table 9. 


Shift Bit 
Length 


16 bits 


32 bits 


64 bits 


ACRTC Attribute Codes and Scrolling Amounts 





HSD5 HSD4 
x x 
x x 
x x 
Xx x 
x x 
x 0 
x 0 
x 0 
X 1 
X 1 
0 0 
0 0 
0 0 
1 1 
1 1 


HSD3 
0 
0 
0 


oO;OoO!}o};rRiKe 


O;O;oO;r]e 


1 
1 


HSD2 
0 
0 
0 


oO;o;oyjr|- 


oO;oO;o;rir 


1 
1 


HSD1 HSDO 
0 0 
0 1 
1 0 
i 0 
] 1 
0 0 
0 1 
1 0 
1 0 
1 1 
0 0 
0 1 
1 0 
1 0 
1 1 


SS SS SS Se ID ES4E5 


Scroll 
Dot Count 


0 
1 
2 


14 


30 
31 


62 
63 


Note: The attribute code from the ACRTC supplies HSD3-HSDO, and memory address MA1 and MAO supply HSD5 and HSD4. If these memory 
address bits are used (MAI for 64-bit shifts, MAO for 32-bit shifts), they must not be changed during one horizontal period 


Table 10. GMIC Division Ratio and GVAC Shift Lengths 


Division 


Ratio 


Divide by 4 
Divide by 8 
Divide by 16 


Note: This mode cannot be used directly because the maximum shift register length is 32 dots 
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Single Access 
8 dot shift 

16 dot shift 
32 dot shift 
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Dual Access 
16 dot shift 
32 dot shift 


64 dot shift (note) 
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Figure 9. SLDB Timing (Single Access Mode) 
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Figure 10. SLDB Timing (Dual Access Mode 0) 
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Base Display 


Window Display, 


es] 
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DISP2 
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R: Refresh Cycle Bn: Base Display Cycle 
A: Attribute Cycle Wn: Window Display Cycle 


D: Drawing Cycle 





Figure 11. SLDB and SLDW Timing (Dual Access Mode 1) 
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Figure 12. Zoom Display Timing (Single Access Mode, Triple Zoom) 
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Figure 13. Zoom Display Timing (Dual Access Mode 0, Double Zoom) 
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Figure 14. Zoom Display Timing (Dual Access Mode 1,Double Zoom) 
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Driving Priority Mode: In the ACRTC drawing 
priority mode, drawing memory access takes 
priority over display memory access. In this mode, 
when display data is provided in the same manner 
as in the 32-bit shift mode but the system does not 
enter a display cycle, and a total output of 32 bits is 
completed, low-level output are provided until the 
next display cycle. 





Shift Clock Enable (SCKE) 


Shift clock enable (SCKE) is a control signal for 
the GVAC video signal generation shift register. 
GVAC drives the shift register on the falling edge of 
the dot clock. The SCKE control signal decreases 
the dot clock frequency to set the zoom scale. 
Figure 15 shows triple zoom (HZ=0011) timing. 
Table 11 shows attribute codes and corresponding 
zoom scales. 





Table 11. Attribute Codes and Zoom Scales 


HZ3 HZ2 
0 0 

7 0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 


HZ1 


rPlPlololHPlRPlololelRePlolojelelolo 


HZO Zoom scale 
0 1 
1 2 
0 3 
1 4 
0 5 
1 6 
0 7 
1 8 
0 9 
1 10 
0 11 
1 12 
0 13 
1 14 
0 15 
1 16 





Figure 15. Triple Zoom Timing 
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Attribute Control Signals 


The GMIC receives attribute code control signals 
for horizontal zooming and horizontal smooth 
scrolling from the ACRTC. Figure 16 shows 
attribute control output timing, and figure 17 shows 
the corresponding output pins. 


DISPLAY PERIOD 


RETRACE PERIOD 


The GMIC can control horizontal smooth scrolling 
of up to a 63-dot shift. However, the ACRTC 
outputs a 4-bit code (HSD3-HSD0), directly 
supporting up to a 15-dot shift. Therefore, the 
GMIC latches the lower 2 bits of the display 
adddress (MA0, MA1) output every display cycle 
into its internal register in order to control a 63-dot 
shift. 


DISPLAY PERIOD 


HSYNC CYCLE ATTRIBUTE 


FRONT PORCH (NON DISPLAY) 
2CLK 


MCYC 


HSYNG 


A 


REFRESH CYCLE 


BACK PORCH (NON DISPLAY) 





Figure 16. DRAM Refresh and Attribute Control Data Output (Single Access Mode) 
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Figure 17. Attribute Control Signal Output Pins 
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Absolute Maximum Ratings (All voltages referenced to Vss = 0 V) 


Item Symbol Rating Unit 
Supply voltage Voc — 0.3 to + 7.0 V 
Input voltage Vin — 0.3 to Vcc + 0.3 V 
Output voltage Vout 5.5 V 
Operating temperature Topr 0 to + 70 °C 
Storage temperature Tstr — 55 to + 150 °C 


Notes: Using an LSI beyond in maximum ratings may resuit in its permanent destruction. LSIs should usually be operated under the recommended 
operating conditions. Exceeding any of these conditions may adversely affect its reliability. 


Recommended Operating Conditions (All voltages referenced to Vss = 0 V) 


item Symbol Min Typ Max Unit 

Supply voltage Vcc 4.75 5.00 5.25 V 

Input voltage low Vie 0 = 0.7 V 

Input voltage high Vin 2.2 = Vcc V 

Operating temperature Topr 0 25 70 °C 
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Electrical Characteristics 


DC Characteristics (Vcc = 5.0 V + 5%, Vss = 0V, Ta = 0 to 70°C unless otherwise noted) 


item Symbol Min Max Unit Test Condition 
Input voltage high Vin 2.2 Voc V 
Input voltage low Vit —0.3 0.7 V 
Input clamp voltage Vi 15 V Vcc = 4.75 V, 
lin =-18mA 
Output voltage ADRA-ADRC, SLDB, Vou 2.7 V Voc = 4.75V, 
high SLDW, DSPCYC, SCKE, loo = —400 mA 
2CLKOUT 
WE3-WEO. FA7-FAO, Vou 2.0 V Vcc = 4.75 V, 
RAS, CAS, OE loo = —15mA 
Output voltage ADRA-ADRC, SLDB, VoL 0.5 V Vcc = 4.75 V, 
low SLDW, DSPCYC, SCKE lo. = 8mA 
2CLKOUT 
WE3-WEO, FA7-FAO, Vot 0.5 V Vcc = 4.75 V, 
RAS, CAS, OE lo. = 24mA 
Input current high lH 20 uA Vcc = 5.25 V, 
Vi =2.7V 
Input current low he — 400 uA Vcc = 5.25 V, 
Vi = 0.4V 
Output short circuit current los —40 —120 mA Vec = 5.25 V 
Current consumption lec 160 mA Vcc = 5.25 V 
Input capacitance Cin 10 pF 
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AC Characteristics (Vcc = 5.0 V + 5%, Vss = 0 V, Ta = OC to + 70°C) 


No item 


@|O@| O/8| S19; OG/@/| BVQlIA/@/e| of O[O 


@| S|©@ 


© 


© 


DOTCK operation 
frequence 


DOTCK cycle time 


DOTCK high level 
pulse width 


DOTCK low level 
pulse width 


DOTCK rise time 
DOTCK fall time 
2CLKOUT delay 
MCYC setup time 


MCYC hold time 
HSYNC setup time 


HSYNC hold time 
MRD setup time 


MRD hold time 
DRAW setup time 


DRAW hold time 
AS setup time 
(CDM = 01) 

AS setup time 
(CMD = 10) 
AS setup time 
(CDM = 11) 

AS pulse width 
Memory address 
setup time 


Memory address 
hold time 
Attribute code 
setup time 


Attribute code 
hold time 


Symbol 
f 


tc 


tuw 
tlw 


tr 
tr 
t2CLKD 


tmCYCs 


tmMCYCH 


Huss 


tHSH 


tmRDS 


tMRDH 


toRAWS 


toRAWH 


tass 
tass 
tass 


tasw 


tMAS 
tMAH 
tacs 


tACH 





32 MHz 48 MHz 

Min Max Min Max 
32 48 
31.3 20.8 
12 9 
12 9 
24 17 

io tc + 
20 20 
0 0 
tc + tc + 
20 20 
0 0 
tc + tc + 
20 20 
5 5 
tc + tc + 
20 20 
5 5 
tc + tc + 
25 25 
2tc + 2tc + 
25 25 
4tc + 4tc + 
25 25 
25 25 
10 10 
5 5 
20 20 
5 5 
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64 MHz 


Min Max 


64 


15.6 


14 


tc + 
20 


tc + 
20 


tc + 
20 


tc + 
20 


tc + 
25 


2tc + 
25 


4tc + 
25 


25 
10 


20 


Unit 
MHz 


ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Figure 
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19 
20-23 


20-22 


23 
20-22 


20, 21, 23 
20-22 


20, 21, 23 
20-23 


20-23 
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AC Characteristics (cont) 





32 MHz 48 MHz 64 MHz 
No Item Symbol Min Max Min Max Min Max Unit Figure 
@) RAS setup time trss tc — tc — tc — ns 20-23 
(CDM = 01) 20 20 20 
RAS setup time trss 2tc — 2tc — 2tc — ns 
(CDM = 10) 20 20 20 
RAS setup time trss 4tc — 4tc — 4tc — ns 
(CDM = 11) 20 20 20 
@ RAS hold time tRSH 3 3 3 ns 
@ CAS delay time tcasD tc — tc — tc — ns 20, 21 
(CDM = 01) 7 7 7 
CAS delay time tcasD 2tc — 2tc — 2tc — ns 
(CDM = 10) 7 7 7 
CAS delay time tcasD 4tc — 4tc — Atc — ns 
(CDM = 11) 7 7 7 
@A CAS delay time tCASDH 20 20 15 ns 
from 2CLK 
@) CAS hold time tcasH 3 3 3 ns 
@) Memory address tmasc tc + tc + tc + ns 20-23 
setup time (CDM = 01) 25 25 25 
Memory address tmMaAsC 2tc + 2tc + 2tc + ns 
setup time (CDM = 10) 25 25 25 
Memory address tmMasc 4tc + Atc + 4tc + ns 
setup time (CDM = 11) 25 25 25 
@6— Row address tras 0 0 0 ns 
setup time 
@ Row address hold time — tran tc/2 tc/2 tc/2 ns 
(CDM = 01) —2 —2 -2 
Row address hold time tray tc tc tc ns 
(CDM = 10) —2 —2 —2 
Row address hold time — tray 2tc 2tc 2tc ns 
(CDM = 11) —2 —2 —2 
Column address tcas 0 0 0 ns 20, 21 
setup time 
Column address tCAH 0 0 0 ns 
hold time 
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AC Characteristics (cont) 


item 

OE delay time 

OE hold time 

WE delay time 

WE hold time 
Address delay time 
Address hold time 
SCKE delay time 
SLD delay time 


DSPCYC delay 
time from AS 
@A DSPCYC delay 
time from DRAW 


DSPCYC hold time 


@|@|@|@|@/@|®@|e@/e|z 


Symbol 


toeD 
toEH 
tweD 
tWEH 
tap 
taH 
tscKD 
tstop 


toSPDA 


tosppb 


tosPH 


32 MHz 48 MHz 
Max Min Max 
20 20 
30 30 
30 30 
22 15 
24 17 
40 40 
20 20 

5 
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64 MHz 
Max 
20 


30 


30 


12 


17 
40 


20 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 
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Figure 
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SLDB, SLDW 





Figure 18. Clock 
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2CLKOUT 


(c) COM=01 (Divide by 4) 





Figure 19. 2CLKOUT 
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Figure 20. Memory Read Cycle (Drawing Read and Display) 
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2CLKOUT 
MCYC 


HSYNC 


MAo~MAis8 
RAS 
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Figure 21. Memory Write Cycle 
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2CLKOUT 


MCYC 


HSYNC 


MRD 


DRAW 


AS 


MAo~ MAi8 


RAS 


FAO~ FA7 





Figure 22. Refresh Cycle 


2CLKOUT 


MCYC 


MAo~ MAi18 


RAS 
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Figure 23. Attribute Cycle 
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Test Point 


Note: All diodes are 1S2074()s or the equivalent 





Figure 24. Test Load Circuit 


Output 





Figure 25. Input/Output waveforms 
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Package Dimensions 


Unit: mm(inches) 


57 6(2 268) 
58 6max (2 307max ) 
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(0 200max ) 
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Note) Inch valve indicated for your reference. 
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Graphic Video Attribute Controller (Hi-Bi CMOS) 


Description 


The HD63486 LSI belongs to the ACRTC (Advanced 
CRT Controller) family. It converts frame buffer data to 
serial video signals. It contains a shift register for 
parallel-to-serial conversion and the peripheral video 
control circuits necessary to generate high-speed video 
signals. 


The programmable bit length of the shift register 
makes the GVAC suitable for multicolor graphics and 
monochrome grey scale applications. Additionally, mul- 
tiple GVAC’s can be operated in parallel to further ex- 
pand the field of applications. The GVAC’s functions 
include horizontal smooth scrolling and horizontal zoom 
using control signals fromthe GMIC (Graphic Memory 
Interface Controller). Using the Hi-BiCMOS™ process, 
the HD63486 achieves high-speed video signal genera- 
tion with low power dissipation. 





Features 


@ Internal shift register for video signal control, 
programmable as: 
—Four 8-bit shift registers 
—Two 16-bit shift registers 
—One 32-bit shift register 
@ High speed video signal generation (64 MHz 
dot rate) 
Multiple GVAC parallel operation 
Internal bidirectional data bus buffer for frame 
buffers 
Zooming and horizontal smooth scrolling 
(requires GMIC signals or equivalent) 
Direct ACRTC interface 
TTL-compatible input/output 
Single + 5 V power supply 
Low power dissipation 


Type of Products 









Part No. 


HD63486PS-32 
HD63486PS-48 
HD63486PS-64 
HD63486CP-32 
HD63486CP-48 
HD63486CP-64 


Package 


64-pin Plastic Shrink DIP 
(DP-64S) 


















68-pin PLCC 
(CP-68) 
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Pin Description 


Figure 1 shows the pin arrangement for the 64-pin 
plastic shrink-type DIP and the 68-pin PLCC 
packages. Table 1 describes the pins. 


MRD 


DSPCYC 


568 


MCYC 
2CLK 
SELO 


SEL1 
SEL2 


Do 

Di 

D2 

D3 

Da 

Ds 

De 

D7 

Vss 

Vss 
VIDEOD 
VIDEOC 
VIDEOB 
VIDEOA 


VIDEOD | |20 
VIDEOC |_} 21 


vIDEOB |_] 22 
VIDEOA [123 


(DP-64S) 





Figure 1. Pin Arrangement 
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Power Supply (Vcc, Vss) 


Vss and Vcc are the GVAC power supply pins. Vcc 
pins are+5V+5% supply pins. Vss are the 
ground pins. Be sure to connect all four Vss pins to 
ground and both V¢-¢- pins to the power supply. 


ACRTC Signals 


Clock (2CLK): The 2CLK input must be the same 
as the 2CLK input to the ACRTC. It is usually 
supplied by the GMIC 2CLKOUT output. 2CLK is 
used for data transfer between the ACRTC and 
frame buffers and as a timing signal for display 
data input. 


Memory Cycle (MCYC): The MCYC input 
specifies frame buffer access by the ACRTC. It 
must be low when the ACRTC is in address cycle, 
and high when the ACRTC is in data cycle. MCYC 
controls the data buffers. It is usually supplied by 
the ACRTC’s MCYC output. 


Memory Read (MRD): The MRD input controls 
the direction of transfers between the ACRTC and 
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frame buffers. When MRD is high, the GVACs 
transfer data from the frame buffers to the ACRTC. 
When MRD is low, the GVACs transfer data from 
the ACRTC to the frame buffers. MRD must be held 
high during a display read data cycle. Only during a 
display cycle for superimposed screen data (dual 
access mode 1) does the ACRTC input MRD low. 
This signal is usually supplied by the MRD output. 


Display (DISP): The DISP input is a composite 
signal indicating the screen’s horizontal and ver- 
tical display period. Display timing output (DISP1) 
is input when the ACRTC’s DSP (display signal 
control) bit is set to 1. For superimposed display 
(dual access model), DISP1 must be input to a 
GVAC for background screens, while DISP2 must 
be input the window screen from the ACRTC. 








Data Bus (D7-Do): D,-D, are the 8-bit data 
input/output for data transfer between the ACRTC 
and frame buffers. Usually, D;-D) are connected to 
8 bits of the memory address data bus (MAD,,- 
MAD,) according to the operation mode selected 
by the MOD1, MOD0 inputs. 





Table 1. Pin Description 
[Pin Number _| 
Signal Description 
Vcc | 32,64 | 34,68] | +5 V power supply 
48, 49 | 51, 52 
ra [5 [1 | Chock 
ae eS Memory Cycle 


Dis | 28 [26 [1 | Disley 
D7-Do 15-8 | 16-9 Data Bus 
MOD1, Operation Mode 
MODO 


Access Mode 





DSPCYC 4B 4h isplay Cycle 
SEL2- | 7-5 pe te Select 

SELO 

SCKE | 25 [27  |1 _| Shift Clock Enable 
SLD | 26 |28 {1 | Shift Load 
FD31- Frame Buffer Data 
FDo 

potck | 23 |25  |1 | Dot Clock 
VIDEOA- a Video Outputs 
VIDEOD 


€ HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 569 





HD63486 


Operation Mode (MOD1, MODO): The MODI 
and MOD0 inputs specify the length of the GVAC’s 
internal video signal shift register and the operation 
mode for the control data bus data multiplexing 
between the ACRTC and the frame buffers. The 
operation mode setting is closely related to the 
ACRTC’s graphic address increment mode (GAI), 
the graphic bit mode (GBM) which specifies the 
number of bits per pixel, and the frame buffer’s 
access mode (ACM). These settings determine the 
shift length of one display cycle, and thus the 
settings for MOD1 and MOD0. The GMIC’s clock 
division mode (CDM1, CDM0) is also related to 
MOD1 and MODO. Table2 shows how GVAC’s 
operation mode is related to the ACRTC and GMIC 
settings. Other settings are allowed in a graphic 
syster with ACRTC, GMIC, GVAC, and additional 
circuits. For a description of GBM, GAI, and ACM, 
see the ACRTC User’s Manual. For a description of 
CDM and DAM, see the GMIC Data Sheet. 


Access Mode (AM): The AM input sets the 
GVACs to superimposed display mode. When the 
ACRTC’s access mode (ACM) set to dual access 
mode 1 (11), AM switches between two GVACs for 
background and superimposed screens. In single 
access mode and dual access mode 0, AM must be 
set low. In dual access mode 1, AM should be set 
low for a background screen GV AC, and high for a 
superimposed screen GV AC. 


GMIC Interface Signals 


Display Cycle (DSPCYC): The DSPCYC input 
indicates whether a display cycle has been entered. 
DSPCYC set low signifies a nondisplay cycle, 
during which data is transferred between frame 
buffers and the ACRTC. DSPCYC set high indicates 
a display cycle, during which data from the frame 
buffers is transferred to the GVACs. The display 
cycle signal (DSPCYC) output from the GMIC is 
used for this input. 


Select (SEL2-SEL0): The SEL2-SELO inputs 
are the lower three bits of the address specifying a 
particular word is the frame buffers to be trans- 
ferred to the ACRTC. Since SEL2-SEL0 control the 
address bus connection between frame buffers and 
the ACRTC, it must be valid during a data cycle 
when MCYC is set high. The address outputs 
(ADRA-ADRC) from the GMIC usually supply 
these signals. 


Shift Clock Enable (SCKE): The SCKE input 
specifies the timing for driving the GVAC’s 
parallel-to-serial converter (shift register) for 
generating video signals (VIDEOA-VIDEOD). The 
GVAC’s perform serial-to-parallel conversion by 
shifting one bit of display data every shift clock 
cycle. Using SCKE, the GVACs generate a lower 
frequency shift clock. Extending one shift clock 
cycle this way allows zooming. The SCKE output 
from the GMIC supplies this input. 





Table 2. Operation Mode and GVAC, ACRTC, and GMIC Settings 
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For systems with a superimpose function, SCKE 
must be held high for the superimposed window’s 
GVAC (AM input high). 

Shift Load (SLD): The SLD input specifies the 
timing in which display data temporarily stored in 
the GVACs is supplied to the shift register. SLD is 
asserted for one period of the dot clock. Horizontal 
scrolling is implemented by shifting SLD on a dot 
clock basis during a single display cycle. SLD must 
be asserted once during each display cycle (shift 
length). SLD is usually input from the GMIC SLDB 
output for background screen GVACs (AM input 
low), and SLDW for window screen GVACs (AM 
input high). 











Frame Buffer Data (FD31-FDo) 


The 32-bit FD;,-FD, frame buffer data I/O bus 
transfers data between the ACRTC and frame 
buffers and inputs display data from the frame 
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buffers. The 32 bits are read simultaneously from the 
frame buffer, and FD%!-FD®° can be directly connected 
to the frame buffer data I/O pins. 


CRT Display Interface 


Dot Clock (DOTCK): The DOTCK input is the 
basic video signal generating clock. The DOTCK 
frequency is determined by the CRT horizontal 
resolution (pixel count) and the horizontal scan 
display period. This clock is usually the same signal 
applied to the GMIC DOTCK input. 


Video Outputs (VIDEOA-VIDEOD): VIDEOA 
-VIDEOD are the four bits output from the GVAC’s 
parallel-to-serial conversion shift register. They are 
supplied during a display period specified by the 
display signal (DISP). Which outputs are usable 
depends on the operation mode (MOD1, MOD0) 
input. Table 3 shows the usable video signals and 
corresponding MOD1 and MOD0 signals. 





Table 3. Operation Mode and Video Outputs 


Mode Video Output Bits/ 
MOD1 MODO VIDEOA VIDEOB VIDEOC VIDEOD Pixel Shift Length 
0 0 Avail Not avail Avail Not avail “4 16 
0 1 Avail Not avail Not avail Not avail 4 32 
1 0 Avail Avail Avail Avail 8 8 
1 1 Avail Not avail Avail Not avail 8 16 
© HITACHI 
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Functional Description 


Figure 2 is a block diagram of the GVAC. 
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Figure 2. GVAC Block Diagram 
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Frame Memory Data Buffer 


The 32-bit bidirectional frame memory data buffer 
consists of input and output buffers to transfer data 
to and from the frame buffers in response to data 
transfer requests from the ACRTC. 


The three-state output buffer is enabled only during 
a memory write cycle by memory cycle (MCYC) 
and memory read (MRD) signals from the ACRTC, 
and display cycle (DSPCYC) from the GMIC. A 32- 
bit output buffer to be enabled is selected by select 
signals (SEL2-SEL0) from the GMIC and the 
operation mode (MOD1, MOD0) set externally. 


The input buffer reads data from the frame buffers. 
Data Buffers 


The 8-bit input/output buffer transfers data 
between the ACRTC and frame buffers. 


The output buffer is a three-state buffer which is 
enabled during a frame buffer read cycle by 
memory cycle (MCYC) and memory read (MRD) 
signals from the ACRTC, and display cycle (D- 
SPCYC) from the GMIC. 


The input buffer supplies drawing data from the 
ACRTC to the frame buffers. 


Data Multiplexer 


The data multiplexer is a direct connection 
between the frame buffers and the data buffer’s 
data bus which leads to the ACRTC’s and frame 
buffer’s data bus. The bus connection in controlled 
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by select signals (SEL2-SEL0) and the operation 
mode (MOD1, MOD0O) set externally to enable 
transfer between the ACRTC and frame buffers. 


Latch 


The latch recognizes a display data read cycle by 
memory cycle (MCYC) and memory read (MRD) 
signals from the ACRTC, and clock (2CLK) and 
display cycle (DSPCYC) from the GMIC, and the 
access mode (AM) input. During a display data 
read cycle, the latch temporarily stores 32-bit 
display data input from a frame memory data 
buffer. It sends the stored data to the shift register 
for parallel-to-serial conversion. 


Shift Register 


The 32-bit shift register performs parallel-to-serial 
conversion on display data stored in the latch to 
provide video signal output. When the latch 
receives the shift load (SLDB, SLDW) and shift 
clock enable (SCKE) signals from the GMIC, it 
feeds the display data it has stored to the shift 
register. The shift register supplies one bit of 
display data every dot clock cycle while SCKE is 
asserted. When the ACRTC’s display cycle signal 
(DISP) is negated, the shift register does not output 
a video signal. 


When the GMIC shifts the timing of the shift load 
(SLDB, SLDW) output on a dot clock basis, the 
GVAC performs horizontal smooth scrolling. When 
the GMIC extends the shift clock enable signal 
(SCKE) based on the dot clock, it performs 
horizontal zoom. 
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System Description 
Applications 


The GVAC internal circuits perform three major 
functions : 

@® Converting parallel display data read from the 
frame buffers by the ACRTC to serial from and 
delivering them to the CRT as video signals 


@® Transferring data between the ACRTC and 
frame buffers 
@ Zooming and horizontal smooth scrolling 


according to signals from the GMIC 


Furthermore, the GVACs’ operation mode can be 
set according to the ACRTC’s operation mode by 
the program input signals. This programmability 
makes the GVAC suitable for a wide range of 
applications, from slow, small systems to fast, large 
systems. It also permits the GVACs to accom- 
modate system specification changes. 


Figure3 shows a graphic system configuration 
using an ACRTC, GMIC and GVACs. With the 
GMIC used for interfacing with frame buffers and 
the GVACs generating the video signals, a flexible, 
high-performance graphic system is constructed 
with a minimum number of parts. 


System Configuration 


DOTCK 


MADo— 
MAD ss. 


Address —=— 
MAie— a 


MAo— FAo— 
MAis FA? 
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GMIC 


MPU 
Interface 
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The system example in figure 3 uses two GVACs, 
but the number of GVACs can be varied to meet 
different CRT resolution and color per pixel (or 
grey scale) applications. 


The GVACs recognize a display data read cycle by 
decoding ACRTC output signals such as memory 
cycle (MCYC) and memory read (MRD) and 
GMIC output signals such as display cycle 
(DSPCYC). In the display data read cycle, the 
GVACs latch display data from the frame buffers. 
They pass the display data to the internal shift 
register for parallel-to-serial conversion when they 
receive the shift load signal (SLDB or SLDW) from 
the GMIC. The GVACs perform successive paralle]- 
to-serial conversion synchronously with the dot 
clock when they receive the shift clock enable 
(SCKE) output from the GMIC. This generates the 
video signals. 


A GVAC can receive 32-bit display data (FD,,- 
FD,) from one frame buffer. Furthermore, it 
provides a connection from the ACRTC’s data bus 
(D,-Dy) to the frame buffers data bus (FD;,-FD,), 
enabling direct data transfer between the two. The 
GVACs also implement horizontal smooth scrolling 
and zooming, controlled by the shift load (SLDB, 
SLDW) and shift clock enable (SCKE) signals 
from the GMIC. 


Frame 
Buffer 
HM50464 


Ao—Az Data 


RAS, CAS, OE, WE 
SCKE,SLD,ADRA—ADRC,DSPCYC 


SO 


| HD63486 
D7 GVAC x 2 


| VIDEO 


Video Corr 
Circuit 


Figure 3. System Application Example 
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Operation 
Data Transfer 


The GVACs contain control circuits for bidir- 
ectional transfer between the ACRTC and frame 
buffers. To transfer data, the GVACs receive the 
ACRTC’s memory cycle (MCYC) and memory 
read (MRD) signals, and the GMIC’s display cycle 
(DSPCYC). From these signals, the GVACs 
recognize a drawing data transfer cycle. Connec- 
tion between the ACRTC’s data bus and the frame 
buffer’s data bus is controlled by the select signals 
(SEL2-SEL0) from the GMIC and the operation 
mode (MOD1, MOD0) inputs. 


The GVACs recognize a nondisplay cycle when 
DSPCYC is low. In nondisplay cycles, the data 
transfer direction is determined by the memory 
read signal (MRD). MRD high signifies a read 
cycle to transfer data from frame buffers to the 
ACRTC. MRD low signifies a write cycle to 
transfer data from the ACRTC to the frame buffers. 
Timing for the data transfer is determined by the 
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MCYC input. When MCYC is high, frame buffers or 
the ACRTC three-state output buffers are enabled 
for transfer. 


Drawing Write Cycle: The GVACs recognize a 
drawing write cycle when both DSPCYC and MRD 
are low. Figure 4 shows the timing for a drawing 
write cycle. 


When MCYC is high during this cycle, the GVACs 
enable the frame memory data buffer, and output 
data from the ACRTC one word at a time to the 
frame buffers, based on the operation mode 
(MOD1, MOD0) inputs and the select signals (SEL2 
-SEL0) from the GMIC. Table 4 shows the con- 
nections between FD and D pins when MOD] and 
MOD0 are set to 00. When SEL2-SELO0 are set to 
000 D.-D; from the ACRTC are output to FD,)-FD3;, 
D,-D, are output to FD,,-FD:,, and the other FD 
pins are high-impedance. Table 5-7 show the 
relation of D to FD in other modes. 
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Figure 4. Drawing Write Cycle 
(ACRTC [MAD] — [D] GVAC [FD] — Frame buffers) 
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Table 4. Connection Between D and FD Pins, Drawing Cycle, MOD1, MODO = 00 (4 Bits/Pixel, 
16-Bit Shift Mode) 








SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7 
000 FDo FD, FD2 FD3 FDie FDi7 FDig FDio9 
001 FD4 FDs FDe FD7 FD20 FD21 FD22 FD23 
010 FDg FDo FDio FDi1 FD24 FD25 FD26 FD27 
011 FDi2 FDi3 FDi4 FDis FD28 FD29 FD30 FD31 
100-111 Not used 





Note: Ail other FD pins high impedance. 


Table 5. Connection Between D and FD Pins, Drawing Cycle, MOD1, MODO = 01 (4 Bits/Pixel, 
32-Bit Shift Mode) 


SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7 
000 FDo FD, FD2 FD3 NC NC NC NC 
001 FD4 FDs FDe FD7 NC NC NC NC 
010 FDg FDo FDio FDi1 NC NC NC NC 
011 FDi2 FDi3 FDi4 FDis5 NC NC NC NC 
100 FDie FDi7 FDig FDig NC NC NC NC 
101 FD20 FDa1 FD22 FD23 NC NC NC NC 
110 FD24 FD25 FD26 FD27 NC NC NC NC 
111 FD28 FD29 FD30 FD31 NC NC NC NC 


Note: All other FD pins high inpedance 
NC = No connection 


Table 6. Connection Between D and FD Pins, Drawing Cycle, MOD1, MODO = 10 (8 Bits/Pixel, 
8-Bit Shift Mode) 


SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7 
000 FDo FD, FDg FDo FDie FDi7 FD24 FD25 
001 FD2 FD3 FDio FDi1 FDig FDig FD26 FD27 
010 FD4 FDs FDi2 FDi3 FD20 FD21 FD28 FD29 
011 FDe6 FD7 FDia FDis FD22 FD23 FD30 FD31 
100-111 Not used 


Note: All other FD pins high impedance. 


Table 7. Connection Between D and FD Pins, Drawing Cycle, MOD, MOD = 11 (8 Bits/Pixel, 
16-Bit Shift Mode) 


SEL2-SELO DO D1 D2 D3 D4 D5 D6 D7 
000 FDo FD, NC NC FDi6 FDi7 NC NC 
001 FD2 FD3 NC NC FDis FDig NC NC 
010 FD4 FDs NC NC FD20 FD21 NC NC 
011 FDe6 FD7 NC NC FD22 FD23 NC NC 
100 FDg FDo NC NC FD24 FD25 ~ NC NC 
101 FDio FDi1 NC NC FD26 FD27 NC NC 
110 FDi2 FDi3 NC NC FD28 FD29 NC NC 
111 FDi4 FDis NC NC FD30 FD31 NC NC 


Note: All other FD pins high impedance. 
NC = No connection 
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Drawing Read Cycle: The GVACs recognize a 
drawing read cycle when DSPCYC is low and MRD 
is high. Figure 5 shows the timing for a drawing 
read cycle. 


When MCYC is high during this cycle, the GVACs 
enable the data buffer (D,-D,) for the ACRTC and 
output a word from the frame buffers selected by 
the operation mode (MOD1, MOD0) inputs and the 
select signals (SEL2-SELO0) from the GMIC. Table 
4 shows the connections between FD and D pins 
when MOD1 and MOD0 are set to 00. When SEL2- 
SELO are set to 000, data from FD,-FD, from the 
ACRTC are output to D)-D;, data from FD,,-FD,, 
are output to D,-D,, and the other FD pins cannot 


DSPCYC 
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be used. Table 5-7 show the relation of D to FD in 
other modes. D pins which are not connected (NC) 
must be held high by pull-up resistors. 


GVAC Connections 


The GVACs allow three shift modes to be selected 
externally through the operation mode _ pins 
(MOD1, MOD0). The number of GVACs used is 
determined by the selected shift mode, graphic bit 
mode (GBM) which sets ACRTC bits per pixel, and 
graphic address increment mode (GAI) which sets 
the number of display data bit read from the frame 
buffers simultaneously (Table 8). 


ee a re a ee 


se1o—set2 {rr 





Figure 5. Drawing Read Cycle 
(Frame buffer > [FD] GVAC [D] —~ ACRTC [MAD]) 
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Table 8. Number of GVAC’s 


ACRTC GVAC 
GBM GAI MOD Bits/ Words Bits Shift Number of 
n98 654 1 O Pixel Read Read Length GVACs 
000 000 0 0 1 1 16 16 1 (2)* 
001 0 1 1 2 32 32 2 (4)* 
001 000 1 O 2 1 16 8 1 (2)* 
001 0 O 2 2 32 16 1 .(2)* 
010 0 1 2 4 64 32 2 (4)* 
010 001 1 O 4 2 32 8 1 (2)* 
010 0 O 4 4 64 16 2 (4) 
011 0 1 4 8 128 32 4 (8) 
011 010 1 O 8 4 64 8 2 (4) 
011 1 1 8 8 128 16 4 (8) 
100 011 0 16 8 128 8 4 (8)* 


Notes: 1. ‘Indicates that data transfers between frame buffers and the ACRTC requires external circuits since the GVACs to ACRTC data transfer 
function cannot be used directly. 
2. Parenthesized values are the number of GVACs required for superimpose mode (dual access mode 1) applications. 
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Figure 6. FD Pin Connection (MOD1, MODO = 00) 
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Data Connections 


Figure 6 illustrates the data pin connection with 
MOD1, MOD0 set to 00. In this mode, one pixel 
consists of 4 bits, and four words (64 bits) are read 
from the frame buffers at one time. 


ACRTC and GVAC Connection 


ACRTC Display Data Bit Configuration: The 
ACRTC handles display data on a pixel basis, the 
ACRTC’s mimimum unit. The ACRTC transfers 
data on a word (16-bit) basis. One memory word 
can consist of one or more pixels. The ACRTC’s 
graphic bit mode (GBM) selects one of five types of 
pixel count. The GVAC’s directly support data transfers 
of 4 bits or 8 bits per pixel. In 4 bit/pixel mode, 16 colors 
or shades of grey can be implemented at one time. In 8 
bit/pixel mode, 256 colors or 256 shades of grey can be 
realized. Figure 7 shows pixel data processed by the 
ACRTC depending on operation mode pin 1 (MOD1). 
For details on the graphic bit mode, see the ACRTC 
User’s Manual, 5.5.6 Graphic Bit Mode. 


HD63486 


GVAC and Graphic Data: The GVAC’s must be con- 
nected to handle data on a one-pixel bit plane 
basis. Table9 shows the relationship between 
operation mode 1 (MOD1), pixel number, bit plane 
number, and ACRTC data. 


Connection Between GVACs and ACRTC: 
The connection to the ACRTC depends on the 
operation mode (MOD1, MOD0). Table 10 shows 
the connection with MOD1, MOD0 = 00. In this 
mode, each pixel is four bits. GVAC1 handles bit 
planes 0 and 1, and GVAC2 handles bit planes 2 
and3. The connection between the ACRTC and 
GVAC’s is determined by bit plane number and pixel 
number for one word from the ACRTC. In Table 9, 
for example, ACRTC pin MAD0 corresponds to bit 
plane 0 for pixel number 0. From table 10, therefore, 
bit plane number 0 for GVACI1 is connected to pin 
D, for pixel number 1. Connection to the ACRTC in 
other modes are shown in Table 11-13. 





Table 9. Pixel Number and Plane Number | 


MOD1 ACRTC 
0 Pixel No. 
Bit Plane No. 3 2 1 0 
1 Pixel No. 1 
Bit Plane No. 7 6 5 4 





15 | 14] 13 | 12/11] 10| 9 | 8 | 7/6 | 5) 4) 3/2/21) 0 
3 


One pixel 


bit O 


Figure 7. Pixel Data and MOD1 
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Table 10. ACRTC and GVAC Pin Connection, MOD1, MODO = 00 (4 Bits/Pixel, 16-Bit Shift 


Mode) 
MAD 

Connection 15 14 13 12 #11 #10 9 8 7 6 5 4 3 2 1 0 
Pin Connection D7 Dz D7 D3 De De De De Ds Di Ds Di Da Do Da Do 
GVAC 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 1 
Pixel Number 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0 
Bit Plane 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 
Frame Buffer 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0 
Pixel Number 


Table 11. ACRTC and GVAC Pin Connection, MOD1, MODO = 01 (4 Bits/Pixel, 32-Bit Shift 

















Mode) 
MAD 
Connection 15 14 13 12 11 #10 9 8 7 6 5 4 3 2 1 0 
Pin Connection D3 D3 D3 D3 Dz D2 O2 Dz Di Di Di Di Do Do Do Do 
GVAC 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 
Pixel Number 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0 
Bit Plane 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 
Frame Buffer 3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0 


Pixel Number 





Note: D,-D, cannot used in this mode 


Table 12. ACRTC and GVAC Pin Connection, MOD1, MODO = 10 (8 Bits/Pixel, 8-Bit Shift 


Mode) 
MAD 

Connection 15 14 13 12 11 #10 9 8 7 6 5 4 3 2 1 0 
Pin Connection D7 Ds D3 Di D7 Ds D3 Di De Da D2 Do De Da D2 Do 
GVAC 2 2 2 2 1 1 1 1 2 2 2 2 1 1 1 1 
Pixel Number 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
Bit Plane 7 6 5 4 3 2 1. 0 7 6 5 4 3 2 1 0 
Frame Buffer 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
Pixel Number 





Table 13. ACRTC and GVAC Pin Connection, MOD1, MODO = 11 (8-Bits/Pixel, 16-Bit Shift 


Mode) 
MAD 
Connection 15 14 13 12 11 #10 «9 8 7 6 5 4 3 2 1 0 
Pin Connection Ds Di Ds Di Ds Di Ds Di Da Do Da Do Da Do Da ODo 
GVAC 4 4 3 3 2 2 1 1 4 4 3 3 2 2 1 1 
Pixel Number 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
Bit Plane 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Frame Buffer 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
Pixel Number 
Note: D7, De, Ds, D2 cannot be used in this mode 
© HITACHI . 
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Connection Between Frame Buffers and 
GVACs: Like the connection to the ACRTC, the 
data connection to the frame buffers is made on the 
basis of a bit plane consisting of one word, se- 
quentially from the lower pixel address. Table 14 
shows pixel number for the frame buffer’s word (16 
bits) vs bit plane number for one pixel in relation to 
operation mode 1 (MOD1). 


Table 15 shows the connection between the GVACs 
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and frame buffers with MOD1, MOD0 = 00. In this 
mode, the ACRTC’s graphic address increment 
(GAI) is set to +4mode, and 4-word data is 
simultaneously read> from the frame _ buffers. 
GVACI1 handles bit planes0 and 1, and GVAC2 
handles bit planes 2 and 3. For example, pin FD, of 
GVACI1 is connected to a data pin of pixel number 
0 of the n+ 0address of bit plane number 0. 
Connections in other modes are shown in tables 16- 
18. 





Table 14. One-Word Frame Buffer Pixel Number and Corresponding Bit Plame Number 


One word of frame buffer 
Pixel Number 


MOD1 | 15 | 14 13 12/11/10; 9 
0 _tPereno | 3{2[1[0]a|[2]1[0]3]2|1]0[a]2|1]0 


a 
1 Bit Plane No. 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
pueiWo 


Table 15. GVAC and Frame Buffer Pin Connection, MOD1, MODO = 00 (4 Bits/Pixel, 16-Bit 


Shift Mode) 
D D D 
17 7 10 


O 


(2[1]o][3]2]1]o]3]2]1]0]/3]2]/1]0]3]2/1]o]3]2/1Jo|3/2]1Jo 
+2 | nt1 | nto n+0 


2 
2{1]o/3]2]1]o[3}2]1/o/3/2]1/0]/3/2/1]0/3/2/1]/0/3]2/1 Jo 
n+0 


Table 16. GVAC and Frame Buffer Pin Connection, MOD1, MODO = 01 (4 Bits/Pixel, 32-Bit 
Shift Mode) 


GVAC 


Non 


Bit Plane No. 


Word Address n+ 
Bit Plane No. 


iv) 
a 


= | 
[S| 
ey 
[o | 
[| 


Word Address n+3 


GVAC D(|D;D|D!|D D D D D D\D|D D 

31/30/29 |28|27 25 23 20 17 7/615 O 
0 ; 

1 [Pasino. [2 [*Jo] 3] 2] [0] 3] 21110] 3121110] 3]2]1Jo]3]2] Jo] 32] ]o]3]2] 410 
no 

7 : 

2 [Paine (3a |v fols 2 |r Jols [atv fo[s[a(iJolsl2li [os [21 [os 211 o[s]2]1 Jo 
n-+0 

3 [pun {32 | [ola |2|s [ols [2[+[olsl2[+[o]3] 21410] 3]2]+]0|3/21* [o|3]2] [0 
nt0 

4 [PietNo. —~‘s [a |r Jols[2 [sols [2]1[o[3]2[1Jo]3]2]1]o]3 [2] |o]3]2]1Jo]a]2]1 Jo 
n+0 
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Video Signal Generation 


A GVAC performs parallel-to-serial conversion on 
32-bit data read from frame buffers using the shift 
register, and produces 4-bit video signals (VIDEOA 
-VIDEOD). 


The GVAC recognizes the cycle in which display 
data is read from frame buffers by memory cycle 
(MCYC) and memory read (MRD) signals from 
the ACRTC, display cycle (DSPCYC) from GMIC, 
and access mode (AM) signal externally set. The 
GVAC then latches 32-bit data supplied from FD)- 
FDs, pins. 


The latched display data is fed to the shift register 
on the falling edge of the dot clock (DOTCK) when 
the shift load (SLD) input is asserted. This data is 
then shifted on the falling edge of the dot clock 
(DOTCK) when shift clock enable (SCKE) is 
asserted. 


As seen in figure 8, 32-bit display data is output 
sequentially to four video signal pins one bit by one 
bit per dot clock (DOTCK). 


VIDEOA: 32 bits of FD,.-FD:; 
VIDEOB: 24 bits of FD,-FDs;, 
VIDEOC: 16 bits of FD:.-FDs, 
VIDEOD: 8 bits of FD..4-FD3;, 


Using the display timing signal (DISP) from the 
ACRTC, 4-bit shift register output data can be 
masked. That is, while DISP is asserted, shift 
register output is provided as video signals, and 
while it is negated, shift register output is held low, 
and video signals are not output. The required 
number of dot cycles per display cycle is the same 
as the shift length value set by the operation mode 
(MOD1, MOD0). 


Table 19 shows the dot clock cycle count per 
display cycle vs operation mode (MOD1, MOD0). 





Table 17. GVAC and Frame Buffer Pin Connection, MOD1, MODO = 10 (8 Bits/Pixel, 8-Bit 
Shift Mode) 









Bit Plane No. 


fee eee cee 
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Table 18. GVAC and Frame Buffer Pin Connection, MOD1, MODO = 11 (8 Bits/Pixel, 16-Bit 


Shift Mode) 





GVAC DiD|jD!|D|D|D/DID D|D!|D D|D D D D DiD|DID D|D|D 
30/29 28 | 27/26/25 |24 |23 1/20/19 17/16 14 12 9 71/6;5/4 2}1;0 
Cacia canarias See eean 0 
2 OOOO OROnOnOn On ORO ORORONOmE 
nt [ato 
ey 2 
2 [PreiNo. | Jo[+[o]¥[0]¥J0] 4 [0] 4] 0] +o] Jo] + [o] + [0[4 ][o]3]o]4 o]s Jo] s Jo] Jo 
nt 1 [ato 
Bit Piane No i ear 4 
tt ee OOD MCMC OnCOOaOUOMOnCUCAOGOnC 
nt [ato 
; 
4 [PuwiNo. | sJo[+[o[+[o[¥Jo]4[0]4] 0] +0] ]0| + [o[+[o[+ [0] + [o[7 0] ols Joa To 
[Word Address _[nt7[n-t6|n +6) nta]n+3]n+2|n+1|n+0|n+7|n+6 [nts |nta|nt3|n+2 [n+ t]nt0 
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Figure 9, 10 and 11 show ACRTC frame buffer 
access vs video outputs in single access mode, dual 
access mode0, and dual access model. Super- 
imposed display in dual access mode 1 requires that 
the window smooth scroll input (WSS) be high. 


The GVAC provides display data output se- 
quentially from four video outputs VIDEOA- 
VIDEOD synchronously with the dot clock while 
the shift clock enable input (SCKE) is asserted. 
Figure 12 shows the video signals output in GMIC 
divide-by-16 mode, GVAC’s MOD1, MOD0 = 01, 32- 
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bit shift mode. When shift load (SLD) is asserted, 
display data (FD,,-FD,) is sent to the shift register 
at the rising edge of the dot clock (DOTCK) to 
provide the sequential outputs. That is, video 
output A (VIDEOA) receives sequential outputs 
starting with FD), and the other video pins receive 
display data likewise. Figure 13 shows the video 
signals output in GMIC divide-by-4 mode, GVAC in 
16-bit shift mode, and the ACRTC set in dual access 
mode 0. Figure 14 shows video outputs in the 8-bit 
shift mode, with the other conditions the same as in 
figure 13. 





Table 19. Shift Length and Shift Clock 


Shift Dot Clocks/ 
MOD1 MODO Length Display Cycle 
0 0 16 16 
0 1 32 32 
1 0 8 8 
1 1 16 16 


DOTCK 
SLD Loy 
Shift register 


DOTCK J as 


SCKE JL. Shift timing 


VIDEOD 


bit 24 


bit 16 bit 8 


VIDEOC 


VIDEOB 


VIDEOA 


Ne ee 


Video signal 





Figure 8. Video Signal Generation 
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Figure 9. Video Output Timing (Single Access Mode) 
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Figure 10. Video Output Timing (Dual Access Mode 0) 
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Figure 11. Video Output Timing (Dual Access Mode 1) 
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Figure 12. Video Signal Output (32-Dot Shift) 
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Figure 13. Video Signal Output (16-Dot Shift) 
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Number used in this timing chart are FD pin numbers. 


Figure 14. Video Signal Output (8-Dot Shift) 
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Horizontal Smooth Scrolling 


The GVAC performs horizontal smooth scrolling 
when the assertion period of the shift load signal 
(SLD) is shifted on a dot clock basis. Table 20 
shows horizontal smooth scroll dot count vs shift 
amount for the shift load signal (SLD) in units of 
one dot clock cycle. Smooth scrolling is easily 
implemented by specifying the ACRTC’s horizontal 
smooth scrolling dot (HSD) and sending the 
GMIC’s SLDB/SLDW signal to the GVAC. HSD 
and SLDB/SLDW are discussed in the ACRTC 
User’s Manual, and GMIC Data Sheet respectively. 














Figure 15-18 illustrate video signal outputs for 
smooth scrolling vs frame buffer access in each 
mode. Video output start timing for display data is 
shifted corresponding to the shifted assertion of the 
HSD input. This video signal output is ANDed with 
the display timing signal (DISP) and two-memory- 
cycle delayed (a signal indicating the output enable 
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period for the video pins). Therefore, the video 
output signal of display data read from frame 
buffers by the first display amount. In the last 
display cycle of a raster, accessed display data 
output bits corresponding to the scrolling amount 
are displayed, and the remaining bits are removed. 


Horizontal Zoom 


Video signals for zooming are obtained when the 
period of the shift clock corresponding to the dot 
clock is extended by the shift clock enable (SCKE) 
input. The ACRTC specifies the zoom scale (HZ3- 
HZ0), and the GMIC outputs the SCKE control 
signal according to the specified zoom scale. SCKE 
is sent to the GVACs to implement zooming. 
Figures 15-17 show zoom display timing for each 
mode. In figure 15, quadruple zoom is performed by 
applying the shift clock enable (SCKE) once during 
the four-cycle dot clock (DOTCK). 





Table 20. Horizontal Smooth Scroll Amount and SLD Cycle Count 

MOD Dot count for horizontal smooth scroll Shift 
1 Oo oO 1 2 3 4 5 6 7 8 9 10 11 #12 #13 «14 «15 length 
0 oO 0 1 2 3 4 #5 6 7 8 9 10 11 #12 13 #14 «15 16 
0 1 0 1 2 3 4 5 6 7 8 9 10 11 #12 #13 #14 «15 32 
1 0 0 1 2 3 4 5 6 7 Cannot be used 8 
1 1 0 1 2 3 4 #5 6 7 8 9 10 11 #12 #13 #14 «15 16 

MOD Dot count for horizontal smooth scroll Shift 
1 O 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 length 
0 0 Cannot be used 6 
0 1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 £331 32 
1 0 Cannot be used 8 
1 1 Cannot be used 16 
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Figure 16. Zoom Display Timing (Dual Access Mode 0, Double Zoom) 
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A Attribute Cycle Wn Window Display Cycle 
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Figure 17. Zoom Display Timing (Dual Access Mode 1, Double Zoom) 
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Absolute Maximum Ratings (All voltages referenced to Vss = 0 V) 


Item Symbol Rating Unit 
Supply voltage Vcc —0.3 to +7.0 V 
Input voltage Vin —0.3 to Vec +0.3 V 
Output voltage Vout 5.5 V 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstr —55 to +150 °C 





Notes: Using an LSI beyond its maximum ratings may result in its permanent destruction. LSI’s should usually be operated under the recommended 
operating conditions. Exceeding any of these conditions may adversely affect its reliabity 





Recommended Operating Conditions (All voltages referenced to Vss = 0 V) 

















item Symbol Min Typ Max Unit 

Supply voltage Vcc 4.75 5.00 5.25 V 

Input voltage low Vit 0 a 0.7 V 

Input voltage high Vin 2.2 <= Vec V 

Operating temperature Topr 0 25 70 °C 
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Electrical Characteristics 


HD63486 


DC Characteristics (Vcc = 5.0 V + 5%, Vss = 0V, Ta = 0C to +70, unless otherwise noted) 


Item 

Input voltage high 

Input voltage low 

Input clamp voltage 
Output voltage high 
Output voltage low 

Input current high 

Input current low 

Output short circuit current 
Current consumption 

Input capacitance 
Off-state output current D7-Do, 
FD31-FDo 


Symbol Min Max Unit Test Condition 

ViH Vec 

vi | {18 Voc = 4.75V, ln = —18mA 
VoH | 27 | |v | Voc = 4.75 V, lon = —400 mA 
VoL Ff 05 | VO | Vcc = 4.75V, lo. = 8mA 
hy Ff 20, | WA | Vcc = 5.25V, Vi = 2.7V 

lie | | 400] nA | Vcc = 5.25V, Vi = 0.4V 
los | —40 | -120| ma | Vec=5.25V 

Ioc | | 160 Vec = 5.25V 

lozi | | 20, | eA | Voc = 5.25V, Vo=2.7V 
loz. —20 Vcc = 5.25 V, Vo=0.4V 


AC Characteristics (Vcc = 5.0 V + 5%, Vss = OV, Ta = OC to +70C) 


No item 

DOTCK operation frequency 
DOTCK cycle time 

DOTCK high level pulse width 
DOTCK low level pulse width 
DOTCK rise time 

DOTCK fall time 

SCKE setup time 

SCKE hold time 

SLD setup time 

SLD hold time 

VIDEO delay time 

2CLK setup time 

MCYC setup time 

MCYC hold time 

FD three!state recovery time 
FD setup time 

FD hold time 


@|@/@|@/8|/©|O|O|@©/9/@/@/6|O|8|e 
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32 MHz 48 MHz 64 MHz 

Symbol Min Max Min Max Min Max Unit Figure 
32 | [48] 64 | MH 

tc 313] | 208] | 156] | ns 8 
th oe i a 

tum 2] oie | [6 | fs 

t De ae ee ee 

t st ts |S fs 
tors, = | 2 | Os 
ton = S| S| TS Ls 
twos = 6 | 2] | fo Ts 
ee eee oe ee ae ee ee ee 
tv 3 [24 [3 [17] 3 |14 | ns 
ters | 2 | TOs ft 
tweves 30 | f30 | | 30 | ts 
tweven =O | fo | fo | ts 
tro | ts | [5 | jms [20 
tos 30 | 30 | | 30 | ns 
tow ST 8 | PS Ts 
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AC Characteristics (cont) 


Item 

D three state recovery time 
D hold time 

FD delay time from D 
D delay time from FD 
SEL setup time 

SEL hold time 
DSPCYC setup time 
DSPCYC hold time 
MRD setup 

MRD hold time 


DISP setup time 


®@|@| ®|®|®|®|@/8|6|e@|e|z 


Symbol 
tor 
tox 
tFODLY 
toDLy 
tsELs 
tSELH 
tosps 
tosPH 
tMRDS 
tMRDH 


toisps 


32 MHz 48 MHz 64 MHz 


3/59; 353;3;5 
ni nl nDI| NIN 


=) 
n 


> |35 
ni w 


| 
77) 


— 1) DO 
oO; oO 
Ww] W 
Wi Ww 
o;]o!]o © © 
m | 
CO | © 
p= | 
n 


= 
n 


Unit 





Figure 
19 


20 
19 
19, 20 


19-21 


21 
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Figure 18. Dot Clock 
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FDO~FD31 


DO~D7 


SELO~SEL2 


DSPCYC 


MCYC 


FDO~ 
FD31 


DO~D7 


SELO~ 
SEL2 


DSPCYC 


Hitachi America Ltd. 


Figure 19. Read Cycle 


Figure 20. Write Cycle 
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Figure 21. Display Cycle 


Totem Pole Output (b) Three State Output 
(VOUTA~VOUTD) (Do~D7, FDo~FDs3:1) 


Vec 


Test Point Test Point 


CL=40pF 


note: All diodes are 1S2074)s or the equivalent. 





Figure 22. Test Load Circuit 
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rr .7t > Vin (3V) 


romeo Vin(3V) 


9, 
10% Vin (OV) 


Output 


Ghee 
Disenable 





Figure 23. Input/Output waveforms 
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Package Dimensions 


Unit: mm(inches) 


57 6(2 268) 


(0 669) 
18 2max 
(0 717max ) 


5.08max 
(0 200max ) 


| 1.778 £0.25 048+010 
(0 070 + 0 010) (0 019 + 0 004) 


25 15+0 12 
(0.990 + 0 005) 


) | 


075 
T{~ (0 030) 


UCC OUT 


23 1240.5 
(0.910 +0.020) 


25.15+0 12 
(0 990 + 0 005) 
24 20(0 953) 


0.42 + 0.10(0.017 +0 004) 


Cm 


(0.100 +0.006) 


\s 


44402 
(0.173 + 0.008) 


23.12+0.5 
(0.910 + 0.020) 





Note) Inch valve indicated for your reference. 
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Reference Literature 


Product Data Sheet User’s Manual Application Note Others 
HD63484 ACRTC ID #U149 ID #U75 Introduction to ACRTC 


Applications, Circuits 
and Software ID #U90 


HD63485 GMIC ID #U175 can em 


@ HITACHI 
Hitachi America Ltd. © 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 599 











HD68562 


DU SCC (Dual Universal Serial 


Communications Controller) 
—ADVANCE INFORMATION— 
The HD68562 Dual Universal Serial Communications Con- 


troller (DUSCC) transforms parallel data which is transferred HD68562 
from central processing unit into serial data. It is a single chip 
MOS-LSI communications device designed to be a foundation 
of universal high-performance data-communication subsystems, 
particularly for the 68000 family microprocessors. 

The DUSCC provides two independent, multi-protocol, full 
duplex receiver/transmitter channels in a single package. Since 
the DUSCC supports a wide range of protocols, it handles data 
communications with the minimum intervention, usually just a 
few commands from its host processor. The controller’s data 
rate is maximum 4M bits/s which meets the requirement of the 
presently most powerful systems. A high-speed, high-per- 
formance communication system is realized with minimum 
external logic at low cost through a variety of functions provid- 
ed by the chip: 16-bit multi-function counter/timer, a digital 
phase locked loop (DPLL), a parity/CRC generator and checker, (DC-48) 
and baud rate generator. 

The DUSCC is useful for communication between host 
computer and terminals, electric mail, VIDEOTEX, local area = PIN ARRANGEMENT 
network (LAN), communications network among personal com- 
puters, etc. 





= FEATURES 
@ Channel data rate: 4M bps maximum 
@ Receiver/Transmitter: Two channels, dual full-duplex syn- 
synchronous/asynchronous 
@ Multi-protocol BOP (Bit Oriented Protocol) 
operation: BCP (Byte Controlled Protocol) 
COP (Character Oriented Protocol) 
ASYNC (Asynchronous) 
@ High data transfer efficiency: Four-character receiver/trans- 
mitter FIFOs 
@ Parity and FCS (Frame Check Sequence): VRC, LRC-8, 
CRC-16, CRC-CCITT 
@ Programmable data encoding/decoding: NRZ, NRZI, FMO, 
FM1, Manchester 
@ DMA interface: Compatible with Hitachi HD68450/HD- 
63450 DMAC and other DMA controllers 
@ Multi-function programmable 16-bit C/T: Baud rate gener- 
ator, etc. 
@ Clock oscillator: On-chip oscillator for crystal 
@ Power supply: Single +5V 
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eS HD 685562 


™ MAJOR FUNCTIONS OF DUSCC 


Data length 















Parity, framing, over run, under run, FCS 


Channel mode Half-duplex, full-duplex, auto-echo, local loopback 


Protocol operation 5-8 bits plus optional parity 

COP : BISYNC, X.21 

BCP : DDCMP 

BOP : HDLC/ADCCP, SDLC, SDLC Loop, Link Level, 
X.75 Link Level 

















a 
(2) Optional baud rate by timer. | 
[Distal phase ockedioop id; Cue CSCS 


DMA interface Compatible with HD68450/HD63450 
Half or full duplex operation 
Single or dual address data transfer 


Interrupt capabilities (1) Daisy chain option 









(2) Vector output (fixed or modified by status) 
(3) Maskable interrupt conditions 










(4) Programmable internal priorities 


| | Four general purpose |/O pins per channel | 
[TSbiecounertmer ——SSSCS~drSCiR 
Ee ONINMROR i cee take aaa bane NN een et cee al 
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= INTERNAL BLOCK DIAGRAM 


CONTROL Y RTSB 
TIMING 
RTXDRQA/GPO1A 
RTXDROB/GPO1B 
TXDROA/GPO2A/RTSA 
—~ TXDROB/GPO2B/RTSB 


nee eel ae RTXDAKA/GPI1A 
ae! FF CONTROL LRT XDARB/GPITE 





INTERNAL BUS 


TXDAKA/GPIZA 
TXDAKB/GPIZB 
DTC 





Figure 1 DUSCC Block Diagram 


B SYSTEM CONFIGURATION 


MPU DMAC 


HD68000 HD68450 
HD63450 


RS-232C 
RS-422A 
RS-423A 


SYSTEM BUS 


Chennel 1 


|_| DRIVER 


RECEIVER 
wan {L_Pecever FF 
* 
MEMORY : 
| paver 


Channel 2 


RECEIVER ae 


DRIVER i. 





Figure 2 System Configuration Example 
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HD63645F/HD64645F 
LCD Timing Controller (LCTC) 


Description Pin Arrangement 


The HD63645F/HD64645F LCTC is a control LSI 


for large size dot matrix liquid crystal displays. #234255 


The LCTC is software compatible with the HD6845 
CRTC, since its programming method of internal 
registers and memory addresses is based on the 
CRTC. A display system can be easily converted 
from a CRT to an LCD. 


The LCTC offers a variety of functions and per- 
formance features such as vertical and horizontal 
scrolling, and various types of character attribute 
functions such as reverse video, blinking, nondis- 
play (white or black), and an OR function for 
simple superimposition of character and graphic 
displays. The LCTC also provides DRAM refresh 
address output. 


A compact LCD system with a large screen can be 
configured by connecting the LCTC with the 
HD61104 (column driver) and the HD61105 (com- 
mon driver) by utilizing 4-bit x 2data outputs. 
Power dissipation has been lowered by adopting the 
CMOS process. 








Features ( )is for HD64645F 
@ Software compatible with the HD6845 CRTC @ 4-or 8-bit parallel data transfer between LCTC 
@ Programmable screen size: and LCD driver 
—Up to 1024 dots (height) @ Recommended LCD driver : HD61104 
—Up to 4096 dots (width) (column) and HD61105 (common) 
@ High-speed data transfer : @ CPU interface: 68 family (HD63645F), 
—Up to 20 Mbits/sec in character mode 80 family (HD64645F) 
—Up to 40 Mbits/sec in graphic mode @ CMOS process 
@ Selectable single or dual screen configuration @ Single +5V +10% 
@ Programmable multiplexing duty ratio: static @ 80-pin flat plastic package (FP-80) 
to 1/512 duty cycle 
@ Programmable character font: 
—1-32 dots (height) 
—8 dots (width) Type of Products 
@ Versatile character attributes: reverse video, 
blinking, nondisplay (white) , nondisplay Type No. Bus Timing Bus Interface Package 
(black) a HD63645F 2 MHz 68System _80-pin FPP 
@ OR function: superimposing characters and — 
graphics display HD64645F 4MHz 80 System 80-pin FPP 
@ Cursor with programmable height, blink rate, 
display position, and on/off switch 
@ Vertical smooth scrolling and horizontal scrol- 
ling by the character 
@ Versatile display modes programmable by 
mode register or external pins: display on/off, 
graphic or character, normal or wide, attrib- 
utes, and blink enable 
@ Refresh address output for dynamic RAM 
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Pin Description 


Symbol Pin Number Name 1/0 
Vccl, Vcc2 17, 32 Vec = 
GND1, GND2 37, 59 Ground ae 
LUO-LU3 22-25 LCD Up Panel Data 0-3 0) 
LDO-LD3 18-21 LCD’ Down Panel Data 0-3 0 
CL1 28 Clock One 0) 
CL2 29 Clock Two 0 
FLM 27 First Line Marker 0 
M 26 M 0 
MAO-MA15 65-80 Memory Address 0-15 0 
RAO-RA4 60-64 Raster Address 0-4 0) 
MDO-MD7 1-8 Memory Data 0-7 | 
MD8-MD15 9-16 Memory Data 8-15 | 
DBo-DB7 43-50 Data Bus 0-7 1/0 
cs 39 Chip Select | 
E 41 Enable (HD63645F Only) | 
R/W 42 Read/Write (HD63645F Only) | 
WR 41 Write (HD64645F Only) | 
RD 42 Read (HD64645F Only) | 
RS 40 Register Select | 
RES 38 Reset | 
DCLK 33 D Clock | 
MCLK 34 M Clock 10) 
DISPTMG 35 Display Timing O 
CUDISP 36 Cursor Display O 
SKO 30 Skew O | 
SK1 31 Skew 1 | 
ON/OFF 53 On/Off | 
BLE 51 Blink Enable | 
AT 57 Attribute | 
G/C 58 Graphic/Character | 
WIDE 54 Wide | 
LS 56 Large Screen | 
D/S 55 Dual/Single | 
MODE 52 Mode | 
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Pin Functions 
Power Supply (Vccl, 2, GND) 


Power Supply Pin (+5 V): Connect Vccl and 
Vec2 with +5 V power supply circuit. 


Ground Pin (0 V): Connect GND1 and GND2 
with 0 V. 


LCD Interface 


LCD Up Panel Data (LU0-LU3), LCD Down 
Panel Data (LDO-LD3): LU0-LU3 and LDO- 
LD3 output LCD data as shown in table 1. 


Clock One (CL1): CL1 supplies timing clocks for 
display data latch. 


Clock Two (CL2): CL2 supplies timing clock for 
display data shift. 


First Line Marker (FLM): FLM supplies first 
_ line marker. 


M (M): M converts liquid crystal drive output to 
AC. 


Memory Interface 


Memory Address (MA0-MA15): MA0-MAI15 
supply the display memory address. 


Raster Address (RAQ-RA4): RA0-RA4 supply 
the raster address. 


Memory Data (MD0-MD7): MD0-MD7 receive 
the character dot data and bit-mapped data. 


Memory Data (MD8-MD15) : MD8-MD15 
receive attribute code data and bit-mapped data. 


MPU Interface 


Data Bus (DB0O-DB7): DBO0-DB7 send/receive 
data as a three-state I/O common bus. 


Chip Select (CS): CS selects a chip. Low level 


enables MPU read/write of the LCTC internal 
registers. 


Enable (E): E receives an enable clock. 
(HD63645F only). 


Read/Write (R/W): R/W enables MPU read of 
the LCTC internal registers when R/W is high, and 
MPU write when low. (HD63634F only). 


Write (WR): WR receives MPU write signal. 
(HD64645F Only) 


Read (RD): RD receives MPU read _ signal. 
(HD64645F Only) 


Register Select (RS): RS selects registers. 
(Refer to table 5.) 


Reset (RES): RES performs external reset of the 
LCTC. Low level of RES stops and zero-clears the 
LCTC internal counter. No register contents are 
affected. 


Timing Signal 
D Clock (DCLK): DCLK inputs the system clock. 


M Clock (MCLK): MCLK indicates memory 
cycle ; DCLK is divided by four. 


Display Timing (DISPTMG): DISPTMG high 
indicates that the LCTC is reading display data. 


Cursor Display (CUDISP): CUDISP supplies 
cursor display timing; connect with MD12 in 
character mode. 


Skew 0 (SK0)/Skew 1 (SK1): SKO and SK1 
control skew timing. Refer to table 2. 


Mode Select 


The mode select pins ON/OFF, BLE, AT, G/C, and 
WIDE are ORed with the mode register (R22) to 
determine the mode. 


Table 1. LCD Up Panel Data and LCD Down Panel Data 


Single Screen 


Pin name 4-Bit Data 
LUO-LU3 Data output 
LDO-LD3 Disconnected 


8-Bit Data 


Data output 
Data output 


Dual Screen 


Data output for upper screen 
Data output for lower screen 
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HD63645F/HD64645F 


On/Off (ON/OFF): ON/OFF switches display 
on and off. (High = display on). 


Blink Enable (BLE): BLE high level enables 
attribute code “blinking” (MD13) and provides 
normal/blank blinking of specified characters for 
32 frames each. 


Attribute (AT): AT controls character attribute 
functions. 


Graphic/Character (G/C): G/C_ switches 
between graphic and character display mode 
(graphic display when high). 


Wide (WIDE): WIDE switches between normal 


Table 2. Skew Signals 


~ §KO SK1 


Skew Function 
0 0 No skew 
1 0 1-character time skew 
0 1 2-character time skew 
1 1 Inhibited combination 


and wide display mode (high = wide display, low 
= normal display). 


Large Screen (LS): LS controls a large screen. 
LS high provides a data transfer rate of 40 Mbits/s 
for a graphic display. Also used to specify 8-bit LCD 
interface mode. For more details, refer to page 26. 


Dual/Single (D/S): D/S switches between single 
and dual screen display (dual screen display when 
high). 


Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum number of 
rasters, cursor start/end rasters, etc. (Refer to table 
9.) 
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Function Overview 


LCD and CRT Display Systems 


Figure 1 shows a system using both LCD and CRT 


displays. 


HD63645F/HD64645F 


Main Features of HD63645F/HD64645F 


Main features of the LCTC are: 
High-resolution liquid crystal display screen 
control (up to 720 x 512 dots) 
Software compatible with HD6845 (CRTC) 
Built-in character attribute control circuit 


Table 3 shows how the LCTC can be used. 





Table 3. Functions, Application, and Configuration 


Classification 
Functions 


Application 


Configuration 


Item 


Screen Format 


Paging and 
Scrolling 


Character Attributes 
CRTC Compatible 


OR Function 


LCTC 
Configuration 
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Description 


Programmable horizontal scanning cycle by the character clock period 
Programmable multiplexing duty ratio from static up to 1/512 
Programmable number of displayed characters per character row 
Programmable number of rasters per character row (number of vertical 
dots within a character row + space between character rows) 


Programmable cursor display position, corresponding to RAM address 
Programmable cursor height by setting display start/end rasters 
Programmable blink rate, 1/32 or 1/64 frame rate 


Time for rewriting memory set either by specifying number of horizontal 
total characters or by cycle steal utilizing MCLK 


16-bit memory address output, up to 64 kbytes x 2 memory accessible 
DRAM refresh address output 


Paging by updating start address 

Horizontal scrolling by the character, by setting horizontal virtual screen 
width 

Vertical smooth scrolling by updating display start raster 


Reverse video, blinking, nondisplay (white or black) character attributes 
Facilitates system replacement of CRT display with LCD. 


Enables superimposing display of character screen and graphic screen 


Single 5 V power supply 

|/O TTL compatible except RES, MODE, SKO, SK1 

Bus connectable with HMCS 6800 family (HD63645F) 
Bus connectable with 80 family (HD64645F) 

CMOS process 

Internal logic fully static 

80-pin flat plastic package 
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Figure 1. LCD and CRT Displays 
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Internal Block Diagram 


Figure 2 is a block diagram of the LCTC. 
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Figure 2. LCTC Block Diagram 
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HD63645F/HD64645F 


System Block Configuration Examples 


Figure 3 is a block diagram of a character/graphic LCD drivers. 
display system. Figure 4 shows two examples using 


HD63645F/HD64645F 
MPU Bus 


(WR) (RD) 
E, R/W 


DBO—DB7 


Mode select 


a 


Display On/off 
Blink enable 
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Figure 3. Character/Graphic Display System Example 


® HITACHI 
610 Hitachi America Ltd. © 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


HD63645F/HD64645F 
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Figure 4. LCD Driver Examples 
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Registers 


Table 4 shows the register mapping. Table 5 de- 


scribes the in function. Table 6 shows the differ- 


ences between CRTC and LCTC registers. 





Table 4. Registers Mapping 


mn 
ro] 
nm 


Oo 


oo ocro oc cooooqoco°oe;coorl]oe 


Notes : 


612 


Address 
Register 


43210 


W: 
R/W: Both read and write accessible 
The “value to be specified less 1° should be programmed in these registers (RO, R19, and R20). 
Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27). 





~~ eH O OO 


Reg. 

No. Register Name Program Unit 
Invalid ad 

AR Address Register _ 

RO Horizontal Total Characters Character? 

R1 Horizontal Displayed Characters Character 

R9 Maximum Raster Address Raster 

R10 Cursor Start Raster Raster4 

Ril Cursor End Raster Raster 

R12 Start Address (H) Memory Address 

R13 Start Address (L) Memory Address 

R14 Cursor Address (H) Memory Address 

R15 Cursor Address (L) Mernory Address 

R18 Horizontal Virtual Screen Width Character 

R19 Multiplexing Duty Ratio (H) Raster? 

R20 Multiplexing Duty Ratio (L) Raster? 

R21 Display Start Raster Raster 

R22 Mode Register —Note® 





: Invalid data bits 
tes whether write access or read access is enabled to/from each register. 


Only write accessible 


P Cursor Blink Mode 


0 Cursor on; without blinking 

1 Cursor off 

0 Blinking once every 32 frames 
tL Blinking once every 64 frames 


Data Bit 
Symbol R/W 7 6 5 4 3 2 i oOo 





_ W 
Nht W 
Nhr W 
Nr W 
Nes W 
Nee W 
_ R/W 
-_ R/W 
= R/W 
ia R/W 
Nir W 
Ndh W 
Ndl W 
Nr W 
_ W AT 


The OR of mode pin status and mode register data determines the mode. 
Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these registers, will be ignored. 
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Table 5. Internal Register Description 


Reg. 
No. Register Name 


AR Address Register 


RO Horizontal Total Characters 
Rl Horizontal Displayed Characters 
RO Maximum Raster Address 


R10 Cursor Start Raster 


R11 Cursor End Raster 

R12 Start Address (H) 

R13 Start Address (L) 

R14 Cursor Address (H) 

R15 Cursor Address (L) 

R18 Horizontal Virtual Screen Width 


R19 Multiplexing Duty Ratio (H) 

R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 

R22 Mode Register 

*For more details of registers, refer to “internal Registers’’. 
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Size (Bits) Description 

5 Specifies the internal control registers (RO, R1, R9- 
R15, R18-R22) address to be accessed 

8 Specifies the horizontal scanning period 

8 Specifies the number of displayed characters per 
character row 

5 Specifies the number of rasters per character row, 
including the space between character rows 

5+2 Specifies the cursor start raster address and its blink 
mode 

5 Specifies the cursor end raster address 

16 Specify the display start address 

16 Specify the cursor display address 

8 Specifies the length of one row in memory space for 
horizontal scrolling 

9 Specify the number of rasters for one screen 

5 Specifies the display start raster within a character 
row for smooth scrolling 

5 Controls the display mode 

© HITACHI 




















Table 6. Internal Register Comparison between LCTC and CRTC 
Reg. 
No. LCTC HD63645F/HD64645F Comparison 
AR Address Register Equivalent to CRTC 
RO Horizontal Total Characters 
Rl Horizontal Displayed Characters 
R2 Particular to CRTC; 
R3 unnecessary for LCTC 
R4 
R5 
R6 
R7 
R8& 
RQ Maximum Raster Address Equivalent to CRTC 
R10 Cursor Start Raster 
R11 Cursor End Raster 
R12 Start Address (H) 
R13 Start Address (L) 
R14 Cursor Address (H) - 
R17 | unnecessary for LCTC 
R18 — Horizontal Virtual Screen Width Additional registers for LCTC 
R19 Multiplexing Duty Ratio (H) 
R20 Multiplexing Duty Ratio (L) 
R21 Display Start Raster 
R22 Mode Register 
© HITACHI 
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CRTC HD6845 
Address Register 
Horizontal Total Characters 


Horizontal Displayed Characters 


Horizontal Sync Position 
Sync Width 

Vertical Total Characters 
Vertical Total Adjust 

Vertical Displayed Characters 
Vertical Sync Position 
interlace and Skew 

Maximum Raster Address 
Cursor Start Raster 

Cursor End Raster 

Start Address (H) 

Start Address (L) 

Cursor (H) 
Cursor (L) 
Light Pen (H) 
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Functional Description 


Programmable Screen Format play screen and registers. Figure 6 shows a timing 
chart of signals output from the LCTC in mode 5 as 
Figure 5 illustrates the relation between LCD dis- an example. 


Horizontal Total Characters (RO) 


(R21) 
Start Horizontal Displayed Chars. (R1) 
Raster 


Start Address (R12) 


Display Period CPU 
ey: Memory Write Time 


Horizontal 


Maximum 
Raster 


33 
rE 
22 
£e 
za 


(R19, R20} 


(1 Character) 





Figure 5. Relation between Display Screen and Registers 
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MCLK 


DISPTMG 


CUDISP 








a) 
oo) 
wo-mess FOIA BRASAAGEL feierX YX KeteeXeX XX) 


RAO—RA4 


FLM 


M 


CL1 


CL2 


LUO 


Figure 6. 








sae tetetaicntshiooncatarnia 

CACKMERRIMRK JORG) 

CURR, IK 
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Sseatentntinneeneennecee 
—_OOQO000000000 onda 
—_XYOOONOOOONOC odo 
—_OOOOGOUO Odo 

LCTC Timing Chart (In Mode5: Single Screen, 4-Bit Transfer, Normal Character Display) 
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Cursor Control - Cursor height 
Cursor blink mode 
The following cursor functions (figure 7) can be 


controlled by programming specific registers. A cursor can be displayed only in character mode. 
Also, CUDISP pin must be connected to MD12 pin 
Cursor display position to display a cursor. 





Cursor 


Start Rastet 


Cursor 
End Raster 





Figure 7. Cursor Display 
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Character Mode and Graphic Mode 


The LCTC supports two types of display modes; 
character mode and graphic mode. Graphic mode 2 
is provided to utilize software for system using the 
CRTC (HD6845). 


The display mode is controlled by an OR between 
the mode select pins (D/S, G/C, LS, WIDE, AT) 
and mode register (R22). 


Character Mode: Character mode displays 
characters by using CG-ROM. The display data 
supplied from memory is accessed in 8-bit units. A 
variety of character attribute functions are pro- 
vided, such as reverse video, blinking, nondisplay 
(white or black), etc., by storing the attribute data 
in attribute RAM (A-RAM). 


Figure 8 illustrates the relation between character 


Reverse 
Video Blinking 





display screen and memory contents. 


Graphic Model: Graphic Model directly dis- 
plays data stored in a graphic memory buffer. The 
display data supplied from memory is accessed in 
16-bit units. Character attribute functions or wide 
mode are not provided. Figure9 illustrates the 
relation between graphic display screen and mem- 
ory contents. 


Graphic Mode2: Graphic mode 2 utilizes soft- 
ware for the system using the CRTC (HD6845). 
The display data supplied from memory is accessed 
in 16-bit units. Character attribute functions or wide 
mode are not provided. The same memory addres- 
ses are output repeatedly a number of times speci- 
fied by maximum raster register (R9). The raster 
address is output in the same way as character 
mode. 


Start 


address ~°7 Reverse Video 
1st Blinking 
Row 


2nd 
Row 





Figure 8. Relation between Character Screen and Memory Contents 
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Horizontal Virtual Screen Width 

Horizontal virtual screen width can be specified by 
the character in addition to the number of horizon- 
tal displayed characters (figure 10). 


The display screen can be scrolled in any direction 


a OF ae 
2nd Line——Pie tt | ". | 
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by the character, by setting the horizontal virtual 
screen width and updating the start address. This 
function is enabled by programming the horizontal 
virtual screen width register (R18). 


Figure 11 shows an example. 


Display Screen 





Figure 9. Relation between Graphic Screen and Memory Contents 


Display 
Screen 


Horizontal 
displayed 
characters (R1) 


Horizontal virtual screen width (R18) 





Figure 10. Horizontal Virtual Screen Width 
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Example: 
R18 (Horizontal Virtual Screen Width) 
R1 (Horizontal Displayed Characters) = 


Start Address 


Sew Bey 
a oy > 
b4 
cae. Se 
we tee 


4 
ang pet 


oF 


Displayed Area 


is 


v 
ee NN APY 
gee > Pras 


Performing horizontal | wager Chg HE 
scroll by updating er 
the start address 

‘0’ to ‘4’ 





Figure 11. Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll Wide Display 

Vertical smooth scrolling (figure 12) is performed The character to be displayed can be doubled in 
by updating the display start raster, as specified by width, by supplying the same data twice (figure 13). 
the start raster register (R21). This function is This function is offered only in character mode, and 
offered only in character mode. controlled either by bit 2 of the mode register (R22) 


or by the WIDE pin. 


Raster 
Address 


0 
1 
2 
3 
4 
5 
6 
7 


Display start raster address 


(R21) =0 (R21) =1 





Figure 12. Example of Smooth Scroll by Setting Display Start Raster Address 


223 3445 566778 8 
WIDE =‘Low' WIDE='‘High’ 





Figure 13. Example of Wide Display 
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Attribute Functions The attribute functions are offered only in charac- 

ter mode, and controlled either by bit 0 of the mode 
A variety of character attribute functions such as register (R22) or the AT pin. As shown in figure 15, 
reverse video, blinking, nondisplay (white) or a character attribute can be specified by placing the 
nondisplay (black) can be implemented by storing character code on MDO-MD7, and the attribute 
the attribute data in A-RAM (attribute RAM). code on MD11-MD15. MD8-MD10 are invalid. 


Figure 14 shows a display example using each 
attribute function. 










A |. 
AS OF 


4. Cursor 


AO 


5. Reverse Video 


Figure 14. Display Example Using Attribute Functions 


rm [i | 2] in [iey, 70 | 
Non- 

display | Blinking | Cursor hele KOK 
| (white) ig 


Figure 15. Attribute Code | 


Non- 
Function | 
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Character Code 
(black) 


*: Invalid 


OR Function —Superimposing Characters and 
Graphics 


The OR function (figure 16) generates the OR of 
the data entered into MD0-MD7 (e.g. character 
data) and the data into MD8-MDI15 (e.g. graphic 


Graphic data 
(Character data) 


ne ge ee ae 
MD15 MD14--7-7 MDS MD8 MD7 
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data) in the LCTC and transfers this data as 1 byte. 


This function is offered only in character mode, and 
controlled by bit 0 of the mode register (R22) or by 
the AT pin. Any attribute functions are disabled 
when using the OR function. 


Character data 
(Graphic data) 


MD6 ---~- MD1 MDO 





es 


Figure 16. OR Function 
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DRAM Refresh Address Output Function 


The LCTC outputs the address for DRAM refresh 
while CL1 is high, as shown in figure 17. The 16 
refresh addresses per scanned line are output 16 
times, from $00-$FF. 


Skew Function 


The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD inputs. 


If buffer memory and character generator ROM 
cannot be accessed within one horizontal character 


display period, the access is retarded to the next 
cycle by inserting a latch to memory address output 
and buffer memory output. The skew function 
retards the CUDISP, DISPTMG, CL2 outputs, and 
MD inputs in the LCTC to match phase with the 
display data signal. 


By utilizing this function, a low-speed memory can 
be used as a buffer RAM or a character generator 
ROM. 


This function is controlled by pins SKO and SK1 as 
shown in table 7. 





Table 7. Skew Function 


SKO SK1 Skew Function 

0 0 No skew 

1 0 1 character time skew 
0 1 2 character time skew 
1 1 Inhibited combination 





Display 
Memory 
Address 


DISPTMG | 
CL1 | | 


DRAM Refresh 
Address 









Display 
Memory 


Address 





Figure 17. DRAM Refresh Address Output 
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Easy Mode display mode and screen format are fixed as shown 
in table 8. With this mode, software for a CRT 
This mode utilizes software for systems using the screen can be utilized in a system using the LCTC, 


CRTC (HD6845). By setting MODE pin to high, the without changing the BIOS. 





Table 8. Fixed Values in Easy Mode 


Reg. No. Register Name Fixed Value (decimal) 
R9 Maximum raster address 7 
R10 Cursor start raster 6 
R11 Cursor end raster 7 
R18 Horizontal virtual screen width Same value as (R1) 
R19 Multiplexing duty ratio (H) 99 (in dual screen mode) 
R20 Multiplexing duty ratio (L) 199 (in single screen mode) 
R21 Display start raster 0 
R22 Mode register 0 
© HITACHI 
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System Configuration and Mode Setting 


LCD System Configuration 


The screen configuration, single or dual, must be 
specified when using the LCD system (figure 18). 


Using the single screen configuration, you can con- 
struct an LCD system with lower cost than a dual 
screen system, since the required number of column 
drivers is smaller and the manufacturing process for 
mounting them is simpler. However, there are some 
limitations, such as duty ratio, breakdown voltage 
of a driver, and display quality of the liquid crystal, 
in single screen configuration. Thus, a dual screen 
configuration may be more suitable to an applica- 
tion. 


The LCTC also offers an 8-bit LCD data transfer 
function to support an LCD screen with a smaller 
interval of signal input terminals. For a general size 
LCD screen, such as 640 X 200 single, or 640 x 400 
dual, the usual 4-bit LCD data transfer is satisfac- 
tory. 


LC 


Column Driver 


(a) Single screen 





Hardware Configuration and Mode Setting 


The LCTC supports the following hardware con- 
figurations: 


Single or dual screen configuration 
4-or 8-bit LCD data transfer 


and the following screen format: 


Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 

OR or attribute display (only in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s of large 
screeen mode (mode 13) for large screen display. 
This mode is provided only in graphic 1 mode. 

Table 9 shows the mode selection method according 


to hardware configuration and screen format. Ta- 
ble 10 shows how they are specified. 


Column Driver (Upper panel) 


LCD Upper Panel 


Taw 

Q 
Cc 
B| 
E 
j= 
fo) 

O 


LCD Lower Panel 


Column Driver (Lower panel) 


(b) Dual screen 


Figure 18. Hardware Configuration According 
to Screen Format 
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Table 9. Mode Selection 


Hardware Configuration Screen Format 
Screen Maximum 
LCD Data Configu- Screen Character/ Normal/ Attribute/ data transfer 
Transfer ration Size Graphic Wide OR speed(MBPS) Mode No. 
4-bit Single Normal Character Normal AT 20 5 
OR 
Wide AT 10 6 
OR 
Graphic 1 20 7 
Graphic 2 20 8 
Dual Normal Character Normal AT 20 1 
OR 
Wide AT 10 2 
OR 
Graphic 1 20 3 
Graphic 2 20 4 
Large Graphic 1 40 13 
8-bit Single Normal Character Normal AT 20 9 
OR 
Wide AT 10 10 
OR 
Graphic 1 20 11 
Graphic 2 20 12 


Note: Maximum data transfer speed indicates amount of the data read out of a memory Thus, the data transfer speed sent to the LCD driver in 
wide function is 20 Mbps. 
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Mode List 
Table 10. Mode List 


Pin Name Screen Graphic/ Data Wide 
No. Mode Name D/S G/C LS WIDE AT _—Confg. Character Transfer Display Attribute 
1 Dual-screen 100 0 0 Dual Character 4-bit Normal OR 
character 10001 screen xX 2 AT 
2 Dual-screen 100 1 0 Wide OR 
wide character 10 0 1 1 ATO 
3  Dual-screen graphic 131001 Graphic 
1 
4 Dual-screen graphic 1100 0 > 7 
5  Single-screen 0 0 0 0 0 Single Character 4-bit Normal OR 
character 00001 screen AT 
6 Single-screen 0 0 01 0 Wide OR 
wide character 00 0 1 1 AT 
7  Single-screen 0 1 0 0 1 Graphic 
graphic 1 
8  Single-screen 0 1 0 0 0 
graphic 2 
9 8-bit character 0 0 1 0 0 Character 8-bit Normal OR 
0 01 0 1 AT 
10 8&-bit wide 0 01 1 0 Wide OR 
character 00111 = age 
11 8&bit graphic 1 O11 01 Graphic 
12 8&bit graphic 2 0-4-1. Or 20 = a 
13 Large screen 11 #31 £=#0i1 Dual 4-bit 
screen x 2 


The LCTC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), and AT (pin 57). As for G/C, WIDE, and 
AT, the OR is taken between data bits 0, 2, and 3 of the mode register (R22). The display mode can be controlled by either one of the external 
pins or the data bits of R22. 


Note: The above 5 pins have 32 status combinations (high and low). Any combinations other than the above are inhibited, because they may 
cause malfunctions. If you set an inhibited combination, set the right combination again. 
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Internal Registers 


The HD63645F/HD64645F has one address register 
and fourteen data registers. In order to select one 
out of fourteen data registers, the address of the 
data register to be selected must be written into the 
address register. The MPU can transfer data to/ 
from the data register corresponding to the written 
address. 


To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, which are 
not necessary for an LCD are defined as invalid for 
the LCTC. 


Address Register (AR) 

AR register (figure 19) specifies one out of 14 data 
registers. Address data is written into the address 
register when RS is low. If no register correspond- 
ing to a specified address exists, the address data is 
invalid. 


Horizontal Total Characters Register (RO) 

RO register (figure 20) specifies a horizontal scan- 
ning period. The total number of horizontal char- 
acters less 1 must be programmed into this 8-bit 
register in character units. The “Nht” indicates the 
horizontal scanning period including the period 
when the CPU occupies memory (total number of 
horizontal characters minus the number of hori- 
zontal displayed characters). Its unit is, then, 
converted from time into the number of characters. 
This value is to be specified according to the speci- 
fication of the LCD system to be used. 


Horizontal Displayed Characters Register (R1) 
Rl register (figure 21) specifies the number of 
characters displayed per row. The horizontal char- 


eee 
BOGOHEEK 
[=F resist sors 


Figure 19. Address Register 


Program Unit] R/W_ R/W | 





Data Bit | Program Unit Unit R/W 


| ata Bit | Program Unit 
Ce ence | w 
Nht | _Nht (Total characters — 1) | characters — 1) Character 


Figure 20. Horizontal Total 
Characters Register 
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acter pitches are 8 bits for normal character display 
and 16 dots for wide character display and graphic 
display. 


The “Nhd” must be less than the total number of 
horizontal characters. 


Maximum Raster Address Register (R9) 

R9 register (figure 22) specifies the number of ras- 
ters per row in characters mode, consisting of 5 bits. 
The programmable range is 0 (1 raster/row) to 31 
(32 rasters/row). 


Cursor Start Raster Register (R10) 


R10 register (figure 23) specifies the cursor start 
raster address and its blink mode. Refer to table 11. 


32- or 64-frame 


Cursor End Raster Register (R11) 
Rll register (figure 24) specifies the cursor end 
raster address. 


Start Address Register (H/L) (R12/R13) 
R12/R13 register (figure 25) specifies a buffer 
memory read start address. Updating this register 
facilitates paging and scrolling. R14/R15 register 
can be read and written to/from the MPU. 


Data Bit Program Unit 


BOGE 
[ns (spayed cerca) | Charac 


Horizontal Displayed 
Characters Register 





Figure 21. 









Data Bit Program Unit 


ed oe 


Figure 22. Maximum Raster Address 
Register 
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Cursor Address Register (H/L) (R14/R15) 
R14/R15 register (figure 26) specifies a cursor dis- 
play address. Cusor display requires setting R10 and 
R11, and CUDISP should be connected with MD12 
(in character mode). This register can be read from 
and written to the MPU. 


Horizontal Virtual Screen Width Register (R18) 
R18 register (figure 27) specifies the memory width 
to determine the start address of the next row. By 
using this register, memory width can be specified 
larger than the number of horizontal displayed 
characters. Updating the display start address 
facilitates scrolling in any direction within a mem- 
ory space. 


The start address of the next row is that of the 
previous row plus Nir. If a larger memory width 
than display width is unnecessary, Nir should be set 
equal to the number of horizontal displayed char- 
acters. 


Multiplexing Duty Ratio Register (H/L) (R19/ 
R20) 

R19/R20 register (figure 28) specifies the number 
of vertical dots of the display screen. The pro- 
grammed value differs according to the LCD screen 
configuration. 


In single screen configuration : 
(Programmed value) = Number of vertical dots 
— 1, 


In dual screen configuration : 
(Programmed value) = Number of vertical dots 


aul, 


Display Start Raster Register (R21) 

R21 register (figure 29) specifies the start raster of 
the character row displayed on the top of the 
screen. The programmed value should be equal or 
less than the maximum raster address. Updating 





Table 11 Cursor Blink Mode 


B P Cursor blink mode 

0 O Cursor on; without blinking 

0 1 Cursor off 

1 0 Blinking once every 32 frames 
1 1 ___—sCBlinking once every 64 frames 


"Data Bit 


Program Unit Unit); R/W 


___bate sit___| Program Unit 
eee 
[=| 8 | P | Nes (Raster address) Raster 


Figure 23. Cursor Start Raster Register 





Data Bit | Program Unit| Unit] R/W | | R/W 


| ata Bit | Program Unit 
ee eee, 
| — | — | — | Nee (Raster address) | Nce (Raster | Nee (Raster address) | Raster 


Figure 24, Cursor End Raster Register 


Program Unit 


Memory 





Data Bit 


Memory address (H) (R12) 


Memory address (L) (R13) 


address 





Figure 25. Start Address Register 








Data Bit 


| ata Bit 
7]s|sistal2iijo 


Program Unit 


Memory address (H) (R14) Memory 


Memory address (L) (R15) 


Figure 26. Cursor Address Register 


address 


Data Bit Program | Program Unit| R/W 


| ata Bit [Program Unit 
| ae |W 
Nir | Nir (No. of chars, of virtual width) | of chars. of virtual width Character 


Figure 27, Horizontal Virtual Screen 
Width Register 





Data | Data Bit | Data Bit =| Program Unit] | Program Unit R/W 


7le[s[s{af2|ifo 
[=| |= [=| Jeli] Resto 


Ndl } Nd (Number of rasters ~ 1) (R20) | } Nd (Number of rasters ~ 1) (R20) | rasters ~ 1) (R20) 


* : Number of rasters 


Figure 28. Multiplexing Duty Ratio Register 
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this register allows smooth scrolling in character The OR of the data bits of R22 (figure 30) register 
and the external terminals of the same name 


mode. 
determines a particular mode. (figure 31) 


Mode register (R22) 





Data Bit Program Unit R/W 


Data Bit Program Unit 


(owe ‘Parone 
EACIEIESENEAENCD BOGRMEIEEIC 
[=I] roster saree | aster | =F [ower lard tar 


Figure 29. Display Start Raster Register Figure 30. Mode Register 





= ~ Tq] 
BLE 

(data bit 1) 

WIDE 

—— i 


G/C 
(data bit 3) 


ON/OFF mm 
(data bit 4) 


Mode Register ON/OFF G/C WIDE BLE AT 
(R22) (Pin 53) (Pin 58) (Pin 54) (Pin 51) (Pin 57) 


AT (valid only when G/C 1s low (character mode) ) 
AT = High: Attribute functions enabled, OR function disabled 
AT = Low: OR function enabled, attribute functions disabled. 


BLE (valid only when G/C ts low (character mode) ) 
BLE = High: Blinking enable on the character specified by attribute RAM 


BLE = Low: No blinking 


WIDE (valid only when G/C is low (character mode) ) 

WIDE = High: Wide display enabled 

WIDE = Low: Normal display 

G/C 

G/C = High: Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low: Character display 


ON/OFF 
ON/OFF = High: Display on state 
ON/OFF = Low: Display off state 





Figure 31. Correspondence between Mode Register and External Pins 
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Reset 


RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control out- 
put terminals. 


“Reset” is defined as follows (Figure 32) : 


© At reset: the time when RES goes low 

© During reset: the period while RES remains 
low 

© After reset: the period on and after the RES 
transition from low to high 


RES pin should be pulled high by users during 
operation. 


Reset State of Pins 


RES pin does not basically control output pins, and 
operates regardless of other input pins. 


(1) Preserves states before reset : 

LU0-LU3, LDO-LD3, FLM, CL1, RAO-RA4 
(2) Fixed at high level: 

MLCK 
(3) Preserves states before reset or fixed at low 


During reset 


At reset 





level according to the timing when the reset 
signal is input : 
DISPTMG, CUDISP, MA0-MA15 
(4) Fixed at high or low according to mode: 
CL2 
(5) Unaffected : 
DB,.-DB, 


Reset State of Registers 


RES pin does not affect register contents. There- 
fore, registers can be read or written even during a 
reset state; their contents will be preserved 
regardless of reset until they are rewritten to. 


Notes for HD63645F/HD64645F 


(1) The HD63645F/HD64645F are CMOS LSIs, 
and it should be noted that input pins must not 
be left disconnected, etc. 

(2) At power-on, the state of internal registers 
becomes undefined. The LSI operation is un- 
defined until all internal registers have been 
programmed. 


After reset 


Figure 32. Reset Definition 
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Absolute Maximum Ratings 


Item 





Supply voltage 
Terminal voltage 
Operating temperature 


Storage temperature 


Symbol 
Vec 

Vin 

Topr 


Tstg 


Value 


—0.3 to +7.0V 


HD63645F/HD64645F 


—0.3 to Vcc +0.3 V 


—20°C to +75°C 


—55°C to +125°C 


Note 


Notes: 1 Permanent LSI damage may occur if maximum ratings are exceeded Normal operation should be under recommended operating 
conditions (Vcc = 5.0 V +10%, GND = OV, Ta = —20°C to +75°C) If these conditions are exceeded, it could affect reliability of 


LSI. 


2 Width respect to GROUND (GND = 0 V) 


Electrical Characteristics 


DC characteristics (Vcc = 5.0 V +10%, GND = 0V, Ta = —20°C to +757, unless otherwise 


noted. ) 


item 
Input high voltage 


RES, MODE, SKO, SK1 


DCLK, ON/OFF 


All others 


Input low voltage All others 


Output high voltage TTL Interface! 
CMOS Interface! 

Output low voltage TTL Interface 
CMOS Interface 

Input leakage current All inputs except 


DBo—DB7 


Three state (off-state) DBo—DB7 
leakage current 


Current dissipation’ 


Notes: 1 TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 
C-MOS Interface, LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 


Symbol 


VIH 


ViL 
VoH 


VoL 


lie 


ITSL 


Icc 


Min 
Vec-0.5 
2.2 
2.0 
—0.3 
2.4 
Vcc—0.8 


=2,5 


—10 


Typ 


Max Unit 
Vect+0.3 V 
Vcct+0.3 V 
Vec+0.3 V 

0.8 V 

V 
V 

0.4 V 

0.8 V 

+2.5 uA 

+10 uA 

10 mA 


Test 
Condition 


loo= — 400uA 
lon= —400uA 
lo. =1.6mA 
lo.=400uA 


2  Input/output current is excluded. When input is at the intermediate level with CMOS, excessive current flows through the input circuit 
to power supply. Input level must be fixed at high or low to avoid this condition. 
3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0 8 V may be produced on CUDISP, DISPTMG, MCLK, 
FLM and M Incase the loads of LUO-LU3 and LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers 


Hitachi America Ltd 
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HD63645F/HD64645F 


AC Characteristics 
CPU Interface (HD63645F —— 68 family) 


Item Symbol Min Typ Max Unit Figure 
Enable cycle time tcYce 500 ns 33 
Enable pulse width (high) Pwen 220 ns 

Enable pulse width (low) Pwet 220 ns 

Enable rise time ter 25 ns 

Enable fall time ter 25 ns 

CS, RS, R/W setup time tas 70 ns 

CS, RS, R/W hold time taH 10 ns 

DBo-DB7 setup time tps 60 ns 

DBo-DB7 hold time toHw 10 ns 

DBo-DB7 output delay time topr 150 ns 

DBo-DB7 output hold time toHR 20 ns 


cs 
RS 
R/W 


DBo—DB7 : Data 
(input) : Valid 


DB o—DB, ae Data Valid 


(output) 





Figure 33. CPU Interface (HD63645F) 
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HD63645F/HD64645F 


CPU Interface (HD64645F —— 80 family) 


Item Symbol Min Typ Max Unit Figure 
RD high level width twRDH 190 ns 34 
RD low level width tWRDL 190 ns 

WR high level width twwDH 190 ns 

WR low level width twwoL 190 ns 

CS, RS setup time tas 0 ns 

CS, RS hold time taH 0 ns 

DBo-DB7 setup time tosw 60 ns 

DBo-DB7 hold time toHw 0 ns 

DBo-DB7 output delay time topr 150 ns 

DBo-DB7 output hold time toHR 20 ns 





Figure 34. CPU Interface (HD64645F) 
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HD63645F/HD64645F 


AC Characteristics (Cont) 


Memory Interface 


item Symbol Min Typ Max Unit Figure 


DCLK cycle time tcycb 100 ns 35 
DCLK high level width twoH 30 ns 
DCLK iow level width twoL 30 ns 
DCLK rise time tor 20 ns 
DCLK fall time tot 20 ns 
MCLK delay time tomo 70 ns 
MCLK rise time tr 30 ns 
MCLK fall time tut 30 ns 
MAO-MA15 delay time tmMaD 150 ns 
MAO-MA15 hold time tMAH 10 ns 
RAO-RA4 delay time tRAD 150 ns 
RAO-RA4 hold time tRAH 10 ns 
DISPTMG delay time toTp 150 ns 
DISPTMG hold time toTH 10 ns 
CUDISP delay time tcpp 150 ns 
CUDISP hold time tcDH 10 ns 
CL1 delay time tcLip 150 ns 
CL1 hold time tcLiH 10 ns 
CL1 rise time tcLir 50 ns 
CL1 fall time tcLif 50 ns 
MDO-MD15 setup time tmps 80 ns 
MDO-MD15 hold time tMDH 15 ns 
© HITACHI 
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MAO—MA15 


RAO—RA4 


DISPTMG 


CURDISP 


MDO—MD15 
(input) 


HD63645F/HD64645F 


St 
E: 
Pe 
Li 
Xt 


"Ts ei 





Figure 35. Memory Interface 
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HD63645F/HD64645F 


AC Characteristics (Cont) 
LCD Interface 


Item Symbol Min Typ Max Unit Figure 
Display data setup time tips 50 ns 36 
Display data hold time {LDH 100 ns 

CL2 high level width twWCL2H 100 ns 

CL2 low level width tweoL2L 100 ns 

FLM setup time ts 500 ns 

FLM hold time try 300 ns 

CL1 rise time tcLir 50 ns 

CL1 fall time tc.if 50 ns 

CL2 rise time tcL2r 50 ns 

CL2 fall time tcL2¢ 50 ns 


Note: At fCL2 = 3 MHz 


LUO—LU3 
LDO—LD3 





Figure 36. LCD Interface 
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HD63645F/HD64645F 


AC Characteristics 


TTL Load 

Terminal Ri R Cc Remarks 
a Ee 
DBo-DB7 2.4 kO 11 ko 130 pF _ tr, tf: Not specified 
MAQ-MA15, RAO-RA4, DISPTMG, CUDISP 2.4kQ 11kQ 40 pF 

MCLK 2.4 kO 11 kO 30 pF tr, tf: Specified 


All diodes; 1S2074® 


Capacity Load 


Terminal Cc Remarks 
CL2 150 pF tr, tf: Specified 
CL1 200 pF 
LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
FLM 50 pF 
C 
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HD63645F/HD64645F 


Package Dimensions 
Unit: mm (inches) 


256+04(1 008+0 016) 2 9max 
(0 | |4max ) 


(0 787) 


_ | ASRAAANAABNEEAATR 


os 
wo 
fom] 
Q 
+I 
N 
~ 
~ 
f=] 
— 


08+015 035+01 9 15+008 
(0.031 +0 006) (0014+0 004) (9 006 +0 002) 


o~Is 





Note: Inch value indicated for your reference. 
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HD64941 





ACI (Asynchronous Communications 


Interface) 


The HD64941 (ACI) is a universal asynchronous data com- 
munications controller chip that interfaces directly to most 8-bit 
microprocessors and may be used in a polled or interrupt-driven 
system environment. The HD64941 accepts programmed in- 
structions from the microprocessor while supporting asynchro- 
nous serial data communications in full- or half-duplex mode. 

The HD64941 serializes parallel data characters received 
from the microprocessor for transmission. Simultaneously, it 
can receive serial data and convert it into parallel data characters 
for input to the microcomputer. 

The HD64941 contains a baud rate generator which can be 
programmed to either accept an external clock or to generate 
internal transmit or receive clocks. Sixteen different baud rates 
can be selected under program control when operating in the 
internal clock mode. 


FEATURES 

5- to 8-bit characters plus parity 

1, 1% or 2 stop bits transmitted 

Odd, even or no parity 

Parity, overrun and framing error delection 
Line break detection and generation 

False start bit detection 

Automatic serial echo mode (echoplex) 
Local or remote maintenance loopback mode 
Baud rate: 

— DC to 1M bps (1 x clock) 

— DC to 62.5k bps (16 x clock) 

~ DC to 15.625k bps (64 x clock) 
Internal or external baud rate clock 

16 internal rates 

Double-buffered transmitter and receiver 
Single +5V power supply 

Signetics SCN2641 compatible 





—ADVANCE INFORMATION— 


HD64941 


(DP-24N) 


= PIN ARRANGEMENT 





(Top View) 
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HD64941 


= BLOCK DIAGRAM 


DATA BUS DATA BUS 


Do-D7 BUFFER i Z 


OPERATION 
CONTROL 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 


TRANSMIT 
SHIFT REGISTER 


BAUD RATE 
GENERATOR 


AND 
CLOCK CONTROL 


RxC/BKDET 
RECEIVE DATA 
HOLDING REGISTER | 


RECEIV 
SHIFT REGISTER 


TxC 
RECEIVER 


MODEM 
CONTROL 


*Open drain output pin 





Figure 1 ACI Block Diagram 
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HD64941 


m APPLICATIONS 


Intelligent terminals 
Network processors 
Front-end processors 
Remote data concentrators 
Serial peripherals 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


t ‘ 
CONVERTER “——— 
, opt) sf 


HD64941 


BAUD RATE CLOCK 
OSCILLATOR CRT 
TERMINAL 


BRCLK 





Figure 2 Asynchronous Interface to CRT Terminal 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


PHONE 
LINE 
INTERFACE 


CLOCK 


BAUD RATE 
OSCILLATOR 


TELEPHONE 
LINE 





Figure 3 Asynchronous Interface to Telephone Lines 
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HD146818 





RTC (Real Time Clock Plus RAM) 


The HD146818 is a HMCS6800 peripheral CMOS device 
which combines three unique features: a complete time-of-day 
clock with alarm and one hundred calendar, a programmable 
periodic interrupt and square-wave generator, and 50 bytes of 
Low-power static RAM. 

This device includes HD6801, HD6301 multiplexed bus 
interface circuit and 8085’s multiplexed bus interface as well, 
so it can be directly connected to HD6801 , HD6301 and 8085S. 

The Real-Time Clock plus RAM has two distinct uses. First. 
it is designed as battery powered CMOS part including all the 
common battery backed-up functions such as RAM, time, and 
calender. Secondly, the HD146818 may be used with a CMOS 
microprocessor to relieve the software of timekeeping work- 
load and to extend the available RAM of an MPU such as the 
HD6301. 
® FEATURES 
@ Time-of-Day Clock and Calendar 
* Counts Seconds, Minutes, and Hours of the Day 
* Counts Days of Week, Date, Month, and Year 
Binary or BCD Representation of Time, Calendar, and Alarm 
12- or 24 Hour Clock with AM and PM tn 12-Hour Mode 
Automatic End of Month Recognition 
Automatic Leap Year Compensation 
interfaced with Software as 64 RAM Locations 

14 Bytes of Clock and Control Register 
* 50 Bytes of General Purpose RAM 
@ Three interrupt are Separately Software Maskable and Test- 

able 

* Time-of-Day Alarm, Once-per-Second to Once-per-Day 

° Periodic Rates from 30.5us to 500ms 

* End-of-Clock Update Cycle 
@ Programmable Square-Wave Output Signal 
@ Three Time Base Input Options 

* 4.194304 MHz 

* 1.048576 MHz 

32.768 kHz 
@ Clock Output May be used as Microprocessor Clock Input 
* At Time Base Frequency +4 or +1 
Multiplexed Bus Interface Circuit of HD6801, HD6301 and 
8085 
Low-Power, High-Speed, High-Density CMOS 
Battery Backed-up Operation 
Motorola MC 146818 Compatible 
HD146818A in Development 


® ABSOLUTE MAXIMUM RATINGS 





HD146818P 


(DP-24) 


HD146818FP 


(FP-24) 


® PIN ARRANGEMENT 


HD146818 





(Top View) 


item Symbol Value Unit 


Supply Voltage -0.3 ~ +7.0 V 
Input Voltage -0.3 ~ +7.0 v 
Operating Temperature y Tips °C 
storage Tempest c 


With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI demage may occur if maximum rating are exceeded. Normai operation should be under 
recomended operating condition. If these conditions are exceeded. it could affect reliability of LSI. 
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HD146818 | 


® RECOMENDED OPERATING CONDITIONS 


fem [—~Symbot— [mind mae dn 

Supply Voltage Veo" [48 «| 60 *d|sasY 
Wage Vee ee Nee 

Operating Temperature [Tw [0 ~<a | 7% i| c 


* With respect to Vgg (SYSTEM GND) 
(NOTE) Refer to Battery Backed-up Electrical characteristics. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5 ~ 5.25V, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


item Test Condition ty | max _| Unit 
ADo ~AD;, CE, AS, 
R/W, DS, CKEFS, PS Vec-2.0 Vee 
Input ‘’High’’ Voltage Vec-1.0 Vec V 


© 


OSC, 


ADo ~AD;, CE, AS, 
R/W, DS, CKFS, PS 


Vec-1.0 


Q 


Cc 


Input “Low” Voltage 


OSC, 


OSC,, CE, AS, R/W, 


Input Leakage Current DS, RES, CKFS, PS 


LA 


Three-state (off state) 
Input Current 


Output Leakage Current 


ADo ~AD, Irsil LA 


ILoH MA 
ADyp ~AD7 
SQW, CKOUT 
ADy ~AD, 
SQW, CKOUT 
ADy ~AD, 


CKOUT 


lon =-1.6 mA 


Output ‘‘High’”’ Voltage 
Vec-0.1 


Output ‘‘Low’”’ Voltage 


lot =1.6mA 
lo. = 1.6 mA 
lo. =1.6mA 


ADo ~AD, 


All inputs except 
ADy ~AD, 


SQW, CKOUT, IR 


Vin 
Vie 
Vou 
lon <-10 uA 
Voi 
pF 
Cin 


Input Capacitance 
pF 





2 


Output Capacitance pF 


Supply Current 
(MPU Read/Write 
operating) 


Crystal 


co Oscilla- 
Supply Current | tion 
(MPU not oper- 


ating) 


Supply Current 

(MPU Read/Write 

operating) 
External 


ee 
Supply Current Sloe 


(MPU not oper- 
ating) 









fosc = 32 kHz 
fosc = 4 MHz 
fosc = 1 MHz 
fosc = 32 kHz 


| * 
cc 





i 
w 





SQW: disable 
CKOUT = fosc 
(No Load) 
teyc -_ Tps 
Circuit: Fig. 11 
Parameter: 
Table 1 


Vec = 5.0V 
SQW: disable 
CKOUT = fosc 


(No Load) 
OSC, : open 
teyc = Tus 
Circuit: Fig. 17 


* Supply current of HD146818 is defined as the value when the time-base frequency to be used is programmed into Register A. 
When power is turned on, these bits are unfixed, so there is a case that current more than the above specification may flow. 
Please never fail to set the time-base frequency after turning on power supply. 


** Vin min = Voc-0.2V 
Vit max = Vsst0.2V 
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o |< 
~ ~ x 
< 


mA 


mA 


LA 


mA 


mA 


LA 


645 


HD146818 


@ AC CHARACTERISTICS (Vcc = 4.5 ~ 5.25V, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


BUS TIMING 

tm ee 
Cycle Time | | tye | 953 | = 
Pulse Width, AS/ALE “‘High” | PWash =| So t00 | OC - s 
AS Rs Tim ena eee ne 
AS Fall Time Sc Si a = =e a 
Delay Time DS/E to AS/ALE Rise | a ee ee ee 
DS Rise Time sae ee es ae 
DS Fall Time ee ee ee ee ee 
Pulse Width, DS/E Low or RD/WR “High” | = PWosh =| 325] Ls 
Pulse Width, DS/E High or RD/WR “Low” | PWos. =| 300s || CS] ss 
Delay Time, AS/ALE to DS/E Rise | - {| - | os 
Address Setup Time (R/W) | - | - | ns 
Address Setup Time (CE) ee ae ae ns 
Address Hold Time (R/W, CE) ee ee a a ee 
Muxed Address Valid Time to AS/ALE Fall es =) ee 
Muxed Address Hold Time rT ee ee 
Peripheral Data Setup Time | tow] 95] ns 
Write Data Hold Time | tow | | Ts 
Peripheral Output Data Delay Time From DS/E or RD ee ee ey < ns 
Input Rise and Fall Time eS ee ae eae eee ns 


CONTROL SIGNAL TIMING 


Item Symbol | min | typ | max | unit 
Oscillator Startup (UMHz,4 MHz] 4g eee ee ee 


Reset Pulse Width le 6 oe 
Power Sense Pulse Width [aoa i Oe ee ee 
Power Sense Delay Time Ei ee ee ee 
TRC Release from DS Sa aa = 
TRO Release from RES Ema eee 
VAT Bit Delay [_tvaro | - | - | 20 | as 
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AS 


DS 


R/W 


ADo~ AD, 


(Write) 


ADo~AD7 
(Read) 


HD146818 


teyc 


tasps 


t osr tost 


tas 
taso 


Vit 
PW ps- ime PWosn 


i 
i 


tf 
taH 
mh tas2 ; rt 
wae ae 
tpsw 
| 
| 


V on | 
ole (ve 


(NOTE) Vin = Von = Vec-2.0V 
Vit =90.7V 
VoL= 0.5V 


Figure 1 Bus Read, Write Timing (6801 Family) 
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HD146818 





t cye 


Vin 


ALE 

RD . 

(DS pin) saa | 
p PW p PW 


Vin 
WR | tf 
(R/W pin) 
_ tasa 
Vit 


os} [i 


AODo~ ADz BS > -—= 
(Address/Data Bus) 


(NOTE) Vin = Von = Vec-2.0V 


Figure 2 Read Timing (8085 Family) Vit =0.7V, Vo. = 0.5V 


ALE 
(AS pin) tast 
so 
Veo 
RD 
(DS pin) tasD_ prrcrnsh 
Vin 


7 | a —— 
WR Vi 
(R/W pin) tas2 


(Address/Data Bus) 


Vin 


(NOTE) Vin = Vee-2.0V 
Figure 3 Write Timing (8085 Family) Vit =9.7V 


teyc 
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t ew 
Vin 
tiros i 


HD146818 






Von 
(NOTE) VyL =9.7V, Vow = Vec-2.0V 
(NOTE) Vi, =08V 


pee Vv = Vec-2.0V 
Figure 4 !RQ Release Delay (from DS) Pe ee 


Figure5 RO Release Delay (from RES) 


4 5V 
Vcc 
Ov tpeLy : 
PWL 
Vow 


PS 


tvrto 


VRT Bit “9” 





(NOTE) Vin = Vec-2.0V 
Vit =0.7V 


* The VRT bit is set to a ‘’1"’ by reading control register #D. There is no additional way to clear the VRT bit. 


Figure6 VRT Bit Clear Timing 


4.5V 


Vec 


tri 





RES 
(NOTE) Vin = Vec-1 OV 


Figure 7 RES Release Delay 
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HD146818 


5.0V 5.0V 
RL 3kQ 
Test Terminal 
Test Terminal 
Diode 
Cc R 1$2074 ) or equiv. 100pF 
ae ina (b) TRG Load Circuit 
R =2.55ka 


(a) AD, ~AD,, SQW, CKOUT 


Figure 8 Test Load 


®" BATTERY BACKED-UP OPERATION 
@ DEFINITION OF BATTERY BACKED-UP OPERATION 


(2) Retention of RAM data 
(3) RES, IRQ, CKFS, CKOUT, PS, SQW functions 


Active functions 
(1) Clock function 


Inactive functions 
(1) Data bus read/write operation 


@® BATTERY BACKED-UP ELECTRICAL CHARACTERISTICS (Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Item 
Supply Voltage 
Crystal 
Oscillation 
Supply 
Current 


External 
Clock 


Battery Backed-up Transit 
Setup Time 


Operation Recovery Time 
Supply Voltage Fall Time 
Supply Voltage Rise Time 


Input “High” Voltage 


Input ‘‘Low” Voltage 


Output “High” Voltage 


Output Low” Voltage 





symbol | __TewGondition [min | wp | max 
a en ee: ae eee oe 
| 32kHz 








CKOUT: fosc (No load) 
leet” 





SQW : disable 
CKOUT: fose (No load) 


Vine 


ae a 
ae el eee eo 
| 300 | 

| Veow=3.5V~4.5V | CKFS a ee 


RESO Veor 


CS 


rosy). Os 
lon = -B00UA SQW, CKOUT 


CCL 


Vine 


VoHL 


SQW, CKOUT 


Voit 


<| <i</< 
Q Q 
re) re) 
- - 


* The time-base frequency to be used needs to be chosen in Register A. 
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Unit 


LA 
LA 
LA 
pA 
LA 
LA 


ns 


<leli<lei cl <li <<] <l <i <| 5! i 2 





HD146818 


Battery Backed-up Mode 





OSC, 
OSC, 


Vec ————— 


Vss -—— 


Ds 
R/W 


AS 


AD.~ADK 8 » 


Figure 9 Battery Backed-up Timing 


rs ee ee ee 
Output CKFS 


Time Base —lly mar sy sis 1Hz 
Input/Osc 


Seen R Ty 


Periodic eer Wave Rate 
Se eer 













Divider Square 
TRG 


RES 
Registers 4 Bytes 
PS 


Clock, Alarm, 
Calendar RAM 
(10 Bytes) 


Bus 


interface Calendar 











Binary 
Increment 
User RAM 
(50 Bytes) 





Figure 10 Block Diagram 
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HD146818 


= CRYSTAL OSCILLATION CIRCUIT 

The on-chip oscillator is designed for a parallel resonant 
crystal at 4.194304 MHz or 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown in Figure 11. 


HD 146818 
Osc, | osc, 





Figure 11. Crystal Oscillator Connection 


@ NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


(1) Crystal oscillator, load capacity Cin, Coyt, CL and Rg, Rg 
must be placed near the LSI as much as possible. 
Normal oscillation may be disturbed when external 
noise is induced to pin 2 and 3. 


Cin 






HD 146818 





Table 1 Oscillator Circuit Parameters 


ae 4.194304 MHz! 1.048576 MHz! 32.768 kHz 
Paramete 
Ps | Tl 


150 kQ2 


Re 150 kQ 150 kQ 5.6 MO 
Cin | 22 pF | 33 pF |S pF 
Cout 33 pF 33 pF 


GQ | - |  - | 336F 


Cl 80 22 (max) 700 QQ (max) | 40 kQ (max) 


(NOTE) 1. Rs, CL are used for 32.768 kHz only. 

2. Capacitance (Cin) should be adjusted to accurate frequency. 
Parameters listed above are applied to the supply current 
measurement (See table of DC CHARACTERISTICS). 

3. Cl: Crystal Impedance 


(2) Pin 3 signal line should be wired apart from pin 4 signal 
line as much as possible. Don’t wire them in parallel, or 
normal oscillation may be disturbed when this signal is 
feedbacked to OSC, . 


(3) A signal line or a power source line must not cross or go 
near the oscillation circuit line as shown in the right figure 
to prevent the induction from these lines and perform the 
correct oscillation. The resistance among OSC,, OSC, and 
other pins should be over 1OMQ. 


The following design must be avoided. 


Signal A Signal B 
| \ 







Signat C 


HD146818 


Figure 12 Note for Board Design of the Oscillation Circuit 
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® INTERFACE CIRCUIT FOR HD6801, HD6301 AND 
8085 PROCESSOR 
HD146818 has a new interface circuit which permits the 
HD146818 to be directly interfaced with many type of multi- 
plexed bus microprocessor such as HD6801, HD6301 and 8085 
etc. 


HD6801, 
HD6301 Type 8085 Type HD146818 
MPU Signals MPU Signals Pin Signals 


AS ALE AS 
DS, E, or 2 RD Ds 
R/W WR R/W 


HD146818 


Figure 13 shows the bus control circuit. This circuit auto- 
matically selects the processor type by using AS/ASE to latch 
the state of DS/RD pin. Since DS is always “Low” and RD is 
always “High during AS/ALE, the latch automatically indicates 
which processor type is connected. 





Internal 
Signals 


Read Enable 


Write Enable 


Figure 13 Functional Diagram of the Bus Control Circuit 


= ADDRESS MAP 

Figure 14 shows the address map of the HD146818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex- 
cept Registers C and D which are read only. Bit 7 of Register 
A and the seconds byte are also read only. Bit 7, of the second 
byte, always reads “O’’. The contents of the four control and 
status registers are described in the Register section. 


@® Time, Calendar, and Alarm Locations 
The processor program obtains time and calendar infor- 
mation by reading the appropriate locations. The program 





may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCD). 

Before initializing the internal registers, the SET bit in 
Register B should be set to a ‘‘l” to prevent time/calendar 
updates from occurring. The program initializes the 10 loca- 
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (DM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data mode, 
either binary or BCD. The SET bit may now be cleared to 
allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 


Day of Wk 












01 
02 
03 
04 Binary 


or BCD 
05 Contents 


oo ~~ aoa & Ww NY = O 


8&9 & 








0A 
0B 
oc 
OD 


Figure 14 Address Map 
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Table 2 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
0-to-23. The 24/12 bit cannot be changed without reinitializing 
the hour locations. When the 12-hour format is selected the 
high-order bit of the hours byte represents PM when it is a “1”. 

The time, calendar, and alarm bytes are not always ac- 
cessable by the processor program. Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 ys at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 us for the 32.768 kHz time 
base. The Update Cycle section shows how to accommodate 


the update cycle in the processor program. 

The three alarm bytes may be used in two ways. When 
the program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable bit 
is “1”. The alternate usage is to insert a “don’t care” state in 
one or more of three alarm bytes. The “don’t care” code is 
any hexadecimal byte from CO to FF. That is, the two most- 
significant bits of each byte, when set to “1’’, create a “don’t 
care” situation. An alarm interrupt each hour is created with 
a “don’t care” code in the hours alarm location. Similarly, an 
alarm is generated every minute with “don’t care’’ codes in 
the hours and minutes alarm bytes. The “‘don’t care’’ codes 
in all three alarra bytes create an interrupt every second. 


Table 2 Time, Calendar, and Alarm Data Modes 


| Example* 
byte Bunction Decimal Binary BCD 
0 | o~so | s00~s3B | = SoO~S59— | | 
1 Seconds Alarm | O~59 |  $00~$3B_—|_— $o0~$s9_— | 15 | 
2 Minutes || -o~s9 | — $00~$3B_— | Soo~ss9_— | BA |B 
3 


Minutes Alarm 


Hours 
(12 Hour Mode) 


Hours 
(24 Hour Mode) 


Hours Alarm 
(12 Hour Mode) 


Hours Alarm 
(24 Hour Mode) 


BS 


6 Day of the Week 
Sunday = 1 
g 


* Example: 5:58:21 Thursday 15th February 1979 


3 
1~12 $01~$0C (AM) and $01~$12 (AM) and 
$81 ~$8C (PM) $81 ~$92 (PM) 
1~12 $01 ~$0C (AM) and | $01 ~$12 (AM) and 
$81 ~$8C (PM) $81 ~$92 (PM) 
$0 


$01 ~$1F 
$01 ~ $0C 


$00 ~$63 $00 ~ $99 


3A 

A 58 
05 
05 


05 


05 


1~$31 OF 15 
$01 ~$12 02 


79 


oO 
Oi 


** Set the lower two digits of year in AD. If this number is multiple of 4, update applied to leap year is excuted. 


@ Static CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the HD146818. They can be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery- 
backed storage, and extend the RAM available to the program. 

When further CMOS RAM is needed, additional HD146818s 
may be included in the system. The time/calendar functions 
may be disabled by holding the dividers, in Register A, in the 
reset state by setting the SET bit in Register B or by removing 
the oscillator. Holding the dividers in reset prevents interrupts 
or SQW output from operating while setting the SET bit allows 
these functions to occur. With the dividers clear, the available 
user RAM is extended to 59 bytes. Bit 7 of Register A, Registers 
C and D, and the high-order Bit of the seconds byte cannot 
effectively be used as general purpose RAM. 


= INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for rates 
from half-a-second to 30.517 ws. The update-ended interrupt 
may be used to indicate to the program that an up-date cycle 
is completed. Each of these independent interrupt conditions 
are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a “1” to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A “Q”’ in 
the' interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is already set when the interrupt becomes 
enabled, the IRQ pin is immediately activated, though the 
interrupt initiating the event may have occurred much earlier. 
Thus, there are cases where the program should clear such 
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earlier initiated interrupts before first enabling new interrupts. 

When an interrupt event occurs a flag bit is set to a “1” in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding enable 
bits. 

In the software scanned case, the program does not enable 
the interrupt. The “interrupt” flag bit becomes a status bit, 
which the software interrogates, when it wishes. When the 
software detects that the flag is set, it is an indication to soft- 
ware that the “interrupt”? event occurred since the bit was 
last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure that 
no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the correspond- 
ing interruptenable bit is also set, the IRQ pin is asserted 
“Low”. IRQ is asserted as long as at least one of the three 
interrupt sources has its flag and enable bits both set. The 
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IRQF bit in Register C is a “1” whenever the IRQ pin is being 
driven “Low”. 

The processor program can determine that the RTC initiated 
the interrupt by reading Register C. A “1” in bit 7 (IRQF bit) 
indicates that one of more interrupts have been initiated by 
the part. The act of reading Register C clears all the then-active 
flag bits, plus the IRQF bit. When the program finds IRQF set, 
it should look at each of the individual flag bits in the same 
byte which have the corresponding interrupt-mask bits set 
and service each interrupt which is set. Again, more than one 
interrupt-flag bit may be set. 


® DIVIDER STAGES 

The HD146818 has 22 binary-divider stages following the 
time base as shown in Figure 10. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are con- 
troller by three divider bus (DV2, DV1, and DVO) in Register 
A. 


®@ Divider Control 

The divider-control bits have three uses, as shown in Table 
3. Three usable operating time bases may be selected (4.194304 
MHz, 1.048576 MHz, or 32.768 kHz). The divider chain may 
be held reset, which allows precision setting of the time. When 
the divider is changed from reset to an operating time base, 
the first update cycle is. one second later. The divider-control 
bits are also used to facilitate testing the HD146818. 


Table 3 Divider Configurations 


ee Register A 
4.194304MHz | 0 | Oo | O | 
1oags76MHz | 0 | 0] 

_ 32.768 kHz | o | 1 | o | 
Any = ee ae ee 
Any [ee ieee ee 





Bypass First 


N-Divider Bits 
N=0 
N=2 
N=7 


(NOTE) Other combinations of divider bits are used for test purposes only. 


@ Square-Wave Output Selection 

Fifteen of the 22 divider taps are made available to a 1-of-15 
selector as shown in Figure 10. The first purpose of selecting 
a divider tap is to generate a square-wave output signal in the 
SQW pin. Four bits in Register A establish the square-wave 
frequency as listed in Table 4. The SQW frequency selection 
shares the 1-of-15 selector with periodic interrupts. 

Once the frequency is selected, the output of the SQW pin 
may be turned on and off under program control with the 
square-wave enable (SQWE) bit in Register B. Altering the 
divider, square-wave output selection bits, or the SQW output- 
enable bit may generate an asymetrical waveform at the time 
of execution. The square-wave output pin has a number of 
potential uses. For example, it can serve as a frequency standard 
for external use, a frequency synthesizer, or could be used to 
generate one or more audio tones under program control. 


© Periodic Interrupt Selection ——— 

The periodic interrupt allows the IRQ pin to be triggered 
from once every 500 ms to once every 30.517 us. The periodic 
interrupt is separate from the alarm interrupt which may be 
output from once-per-second to once-per-day. 

Table 4 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SQW pin 
is enabled by the SQWE bit. Similarly the periodic interrupt is 
enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time sys- 
tems. It can be used to scan for all forms of input from contact 
closures to serial receive bits or tyes. It can be used in multi- 
plexing displays or with software counters to measure inputs, 
create output intervals, or await the next needed software func- 
tion. 
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Table 4 Periodic Interrupt Rate and Square Wave Output Frequency 


4.194304 or 1.048576 MHz 32.768 kHz 
ees as Time Base Time Base 
Periodic Periodic 
RS3 [rs2 | Ast | ASO | apa i Rate ate Rate pecan 
o | 0 | 0 | 0 | Now | None | None | None 
PO Esl OS AOE RN ee ae ee ee 
o | 0 | 1 {| 0 | 61.035us |  16.38¢kHz | 7.8125ms | _128Hz 
o | o | + | 1 | 122.070us | 8.192kHz | _122.070us | _8.192kHe 
o | 1 | 0 | 0 | 24414ius | 4096kHz | 244.141us | 4.096 kHz 
ek LT ae 
0 | 1 | 0 | 976562us | 1.024kHz 1.024 kHz 
0 | 1 | 1 [ 1983125ms_ | S12Hz | 1.983125 ms | BIZ Hz 
1 | o | o | 3.9062ms | = 266Hz ~— |= 3.90625ms_— | 256 Hz 
1 {| o { o f 41 [ 78125ms | 128Hz | 7.8125 ms | 128 Hz 
1 | o | 1 | o | 15625ms |  64Hz | 15.625ms_ | AH 
1 {| o | a tf a | 3t26ms [the | 825 ms | RH 
1 | 1 | o | o | 625ms | eHz | 25 ms | Hz 
1 ot a ft of tf] 126ms | Hz | 125 ms 8 Hz 
1 {| a1 {a1 {[ o | om {  4Hz | 80ms 4 Hz 


© Initialization of the Time and the Start Sequence 

The first update of the time occurs about 500ms later after 
the SET bit of control register B is reset. So keep followings in 
mind when initializing and adjusting the time. 
Procedure of time initialization 

(1) Set the SET bit of control register B. (SET = “1”’) 


(2) Set “1” into all the DVO, 1, 2 bits of control register A. 
(DVO = DV1 = DV2 = “1”) 

(3) Set the time and calendar to each RAM. 

(4) Set the frequency in use into DVO, 1 and DV2. 

(5) Reset the SET bit. (SET = ‘0’’) 


UIP Bit areeea! 2) eeewe” 
(register A) 500ms — 15us 

Time initralize 

(SET bit 1->0) 244us + 248ys (4MHz, 1MHz) 


(244us+1964us (38kHz)) 








1 Second 


Figure 15 Time Initialization and the First Update 


Restriction on Time-of-day and Calendar Initialization 

There is a case in HD146818 (RTC) that update is not exe- 
cuted correctly if time of day and calendar shown below are 
initialized. Therefore, initialize the RTC without using time of 





day shown below. 


Calendar, Time of day 

& Status after Update 
If 29th 23:59:59 in all the months is initial- 
ized, update to 1st in the next month is 
executed. (Jan. — Dec. However except for 
Feb. 29th in leap year) 


If 30th 23:59:59 in Apr., June, Sept., and Apr. 30th 

Nov. is initialized, update to 31st in each ae 31 

month is executed. Pletet 

If Feb. 28th 23:59:59 (not in leap year) is Feb. 28th, 1983 

initialized, update to Feb. 29th is executed. | > Feb. 29th, 1983 
If Feb. 28th 23:59: 58 (in leap year) is ini- Feb. 28th, 1984 
tialized, update to Mar. 1st is executed. > Mar. 1st,1984 


# UPDATE CYCLE 

The HD146818 executes an update cycle once-per-second, 
assuming one of the proper time bases is in place, the divider 
is not clear, and the SET bit in Register B is clear. The SET bit 
in the “1” state permits the program to initialize the time and 
calendar bytes by stopping an existing update and preventing 
a new One from occurring. 


The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each alarm 
byte with the corresponding time byte and issues an alarm 
if a match or if a “don’t care” code (11XXXXXX) is present 
in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the up- 


Mar. 29th 
Apr. Ist 
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date cycle takes 248 ys while a 32.768 kHz time base update 
cycle takes 1984 ys. During the update cycle, the time, calen- 
dar, and alarm bytes are not accessable by the processor 
program. The HD146818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in progress 
(UIP) status bit is set during the interval. 

A program which randomly accesses the time and date infor- 
mation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro- 
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are avail- 
able to read valid time and date information. During this time 
a display could be updated or the information could be trans- 
fered to continuously available RAM. Before leaving the inter- 
rupt service routine, the IRQF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
“1”, the update cycle begins 244 us later. Therefore, if a “0” 
is read on the UIP bit, the user has at least 244 us before the 
time/calendar data will be changed. If a “1” is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
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time needed to read valid time/calendar data to exceed 244 ps. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
‘1’? between the setting of the PF bit in Register C (see Figure 
16) Periodic interrupts that occur at a rate of greater than 
tpuc + tyc allow valid time and date information to be read 
at each occurrence of the periodic interrupt. The reads should 
be completed within (tp; + 2) + tgyc to insure that data is 
not read during the update cycle. 


= POWER-DOWN CONSIDERATIONS 

In most systems, the HD146818 must continue to keep 
time when system power is removed. In such systems, a con- 
version from system power to an alternate power supply, 
usually a battery, must be made. During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, minimize power 
consumption, and ensure hardware reliability according to 
the specification described in the section regarding Battery 
Backed-up operation. 

The chip enable (CE) pin controls all bus inputs (R/W, DS, 
AS, ADo ~ AD;). CE, when negated, disallows any unintended 
modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SQW) pin. 

During and after the power source conversion, the Vy 
maximum specification must never be exceeded. Failure to 
meet the Vpy maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 








UIP bit in 
Register A 
tuc 
tguc 

UF bit in 

Register C 

tp; +2 
a tpl tp,;+2 

PF bit in 

Register C 

tp; = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc.) 


tuc = Update Cycle Time (248 us or 1984 ys) 
tguc = Delay Time Before Update Cycle (244 us) 


Figure 16. Update-Ended and Periodic Interrupt Relationship 
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= SIGNAL DESCRIPTIONS 

The block diagram in Figure 10, shows the pin connection 
with the major internal functions of the HD146818 Real-Time 
Clock plus RAM. The following paragraphs describe the func- 
tion of each pin. 


® Vcc. Vss 

DC power is provided to the part on these two pins, Vcc 
being the most positive voltage. The minimum and maximum 
voltages are listed in the Electrical Characteristics tables. 


@ OSC,, OSC, — Time Base 


Input Pin No. 2, 3 


The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be connect- 
ed to OSC, as shown in Figure 17 The time-base frequency 
to be used is chosen in Register A. 


Vcc 


Optional 
(Vec-1.0V) 


4.194304 MHz 








or 
1.048576 MHz Osc, 


or 
32.768 kHz 
OSC, 


HD146818 


Figure 17 External Time-Base Connection 


The on-chip oscillator is designed for a parallel resonant 
crystal at 4.194304 MHz or 1.048576 MHz or 32.768 kHz fre- 
quencies. The crystal connections are shown in Figure 11. 


@ CKOUT — Clock Out 


Output Pin No. 21 


The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input clock 
to the microprocessor; thereby saving the cost of a second 
crystal. The frequency of CKOUT depends upon the time-base 
frequency and the state of the CKFS pin as shown in Table 5. 


@ CKFS — Clock Out Frequency Select 


| Input Pin No. 20 | 


The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. CKFS tied to Vcc causes CKOUT to be the 
same frequency as the time base at the OSC, pin. When CKFS 
is at Vgg, CKOUT is the OSC, time-base frequency divided 
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by four. Table 5 summarizes the effect of CKFS. 


Table 5 Clock Output Frequencies 









































Time Base Clock Frequency | Clock Frequency 
(OSC,) Select Pin Output Pin 

Frequency (CKFS) (CKOUT) 
4.194304 MHz “High” 4.194304 MHz 
4.194304 MHz “Low” 1.048576 MHz 
1.048576 MHz “High” 1.048576 MHz 
1.048576 MHz “Low” 262.144 kHz 

32.768 kHz “High” 32.768 kHz 





32.768 kHz “Low” 8.192 kHz 


@ SQW — Square Wave 


Output Pin No. 23 


The SQW pin can output a signal one of 15 of the 22 
internal-divider stages. The frequency and output enable of 
the SQW may be altered by programming Register A, as shown 
in Table 4. The SQW signal may be turned on and off using 
a bit in Register B. 


@ ADo ~ AD, — Multiplexed Bidirectional Address/Data Bus 


Input/Output Pin No.4 ~ 11 


Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address- 
then-data multiplexing does not slow the access time of the 
HD146818 since the bus reversal from address to data is oc- 
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE 
at which time the HD146818 latches the address from ADpo to 
AD,. Valid write data must be presented and held stable during 
the latter portion of the DS or WR pulses. In a read cycle, 
the HD146818 outputs 8 bits of data during the latter portion 
of the DS or RD pulses, then ceases driving the bus (returns 
the output drivers to three-state) when DS falls in the HD6801, 
HD6301 case or RD rises in the other case. 


@ AS — Multiplexed Address Strobe 


Input Pin No. 14 


A positive going multiplexed address strobe pulse serves 
to demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the HD146818. The bus 
control circuit in the HD146818 also latches the state of the 
DS pin with the falling edge of AS or ALE. 


®@ DS — Data Strobe or Read 


Input Pin No. 17 


The DS pin has two interpretations via the bus control 
circuit. When emanating from 6801 family type processor, 
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DS is a positive pulse during the latter portion of the bus 
cycle, and is variously called DS (data strobe), E (enable), and 
¢2 (¢2 clock). During read cycles, DS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles, the trail- 
ing edge of DS causes the Real-Time Clock plus RAM to latch 
the written data. 

The second interpretation of DS is that of RD, MEMR, or 
1/OR emanating from the 8085 type processor. In this case, 
DS identifies the time period when the real-time clock plus 
RAM drives the bus with read data. This interpretation of 
DS is also the same as an output-enable signal on a typical 
memory. 

The bus control circuit, within the HD146818, latches the 
state of the DS pin on the falling edge of AS/ALE. When 6801 
mode, DS must be ‘“‘Low” during AS/ALE, which is the case 
with 6801 family multiplexed bus processors. To insure the 
8085 mode of this circuit the DS pin must remain “High” 
during the time AS/ALE is ‘“‘High’’. 


@ R/W — Read/Write 


Input Pin No. 15 


The bus control circuit treats the R/W pin in one of two 
ways. When 6801 family type processor is connected, R/W is 
a level which indicates whether the current cycle is a read or 
write. A read cycle is indicated with a “High” level on R/W 
while DS is “High”. whereas a write cycle is a “Low” on R/W 
during DS 

The_second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and I/OW from 8085 type processors. This 
circuit in this mode gives R/W pin the same meaning as the 
write (W) pulse on many generic RAMs. 








© CE — Chip Enable 


Input Pin No. 13 


The chip-enable (CE) signal must be asserted (“Low”) 
for a bus cycle in which the HD146818 is to be accessed. CE 
is not latched and must be stable during DS and AS (in the 
6801 case) and during RD and WR (in the 8085 case). Bus 
cycles which take place without asserting CE cause no actions 
to take place within the HD146818. When CE is “High”, the 
multiplexed bus output is in a high-impedance state. 

When CE is “High”, all address, data, DS, and R/W inputs 

from the processor are disconnected within the HD146818. 
This permits the HD146818 to be isolated from a powered- 
down processor. When CE is held “High”, an unpowered device 
cannot receive power through the input pins from the real- 
time clock power source. Battery power consumption can thus 
be reduced by using a pullup resistor or active clamp on CE 
when the main power is off. 


@ {RQ — Interrupt Request 


Output Pin No. 19 


The IRQ pin is an active “Low” output of the HD146818 
that may be used as an interrupt input to a processor. The IRQ 
output remains “Low” as long as the status bit causing the 
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interrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRQ pin, the processor program normally 
treads Register C. The RES pin also clears pending interrupts. 

When no interrupt conditions are present, the IRQ level is 
in the high-impedance state. Multiple interrupting devices 
may thus be connected to an IRQ bus with one pullup at the 
processor. 


@ RES — Reset 


Input Pin No. 18 


The RES pin does not affect the clock, calendar, or RAM 
functions. On powerup, the RES pin must be held “Low” for 
the specified time, try, in order to allow the power supply 
to stabilize, Figure 18 shows a typical representation of the 
RES pin circuit. 

When RES is “Low” the following occurs: 

a) Periodic Interrupt Enable (PIE) bit is cleared to “0”. 

b) Alarm Interrupt Enable (AIE) bit is cleared to ‘‘0”’. 

c) Update ended interrupt Enable (UIE) bit is cleared to 

<—)??. 

d) Update ended Interrupt Flag (UF) bit is cleared to ‘‘0”’. 

e) Interrupt Request status Flag (IRQF) bit is cleared to 

“0”, 

f) Periodic Interrupt Flag (PF) bit is cleared to ‘0’. 

g) Alarm Interrupt Flag (AF) bit is cleared to “0”. 

h) IRQ pin is in high-impedance state, and 

i) Square Wave output Enable (SQWE) bit is cleared to “‘O”’. 


@ PS — Power Sense 


Input Pin No. 22 


The power-sense pin is used in the control of the valid 
RAM and time (VRT) bit in Register C. When the PS pin is 
“Low” the VRT bit is cleared to ‘“‘0’’. 

During powerup, the PS pin must be externally held “Low” 
for the specified time, tpy;;. AS power is applied the VRT bit 
remain “Low” indicating that the contents of the RAM, time 
registers, and calendar are not guaranteed. When normal opera- 


D, D, 


System 





Battery 


Vec Backed-up 


D3 


(NOTE) If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet V;,, requirements. 


Figure 18 Typical Powerup Delay Circuit for RES 
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tion commences PS should be permitted to go “High”. Output 
signal from external power sence circuit will be connected to 
this input. 


= REGISTERS 

The HD146818 has four registers which are accessible to the 
processor program. The four registers are also fully acces- 
sible during the update cycle. 


@ Register A ($0A) 
MSB 


Read/Write 
eee eee Register 
[ue [ove [ovs [ove [asa [ast [ast [Aso | excent UP 


UIP — The update in progress (UIP) bit is a status flag that may 
be monitored by the program. When UIP is a “‘1” the update 
cycle is in progress or will soon begin. When UIP is a ‘‘0” 
the update cycle is not in progress and will not be for at least 
244 ys (for all time bases). This is detailed in Table 6. The 
time, calendar, and alarm information in RAM is fully available 
to the program when the UIP bit is zero — it is not in transition. 
The UIP bit is a read-only bit, and is not affected by Reset. 
Writing the SET bit in Register B to a “1” inhibit any update 
cycle and then clear the UIP status bit. 


Table 6 Update Cycle Times 


Time Base Update Cycle 
(OSC,) Time (tyc) 














Minimum Time 
Before Update 
Cycle (tguc) 


UIP Bit 






1 4.194304 MHz 248 us - 

1 1.048576 MHz 248 us - 

1 32.768 kHz 1984 ys - 

0 4.194304 MHz 244 ps 
0 1.048576 MHz 

0 32.768 kHz 


DV2, DV1, DVO — Three bits-are used to permit the program 
to select various conditions of the 22-stage divider chain. The 
divider selection bits identify which of the three time-base 
frequencies is in use. Table 3 shows that time bases of 4.194304 
MHz, 1.048576 MHz, and 32.768 kHz may be used. The divider 
selection bits are also used to reset the divider chain. When the 
time/calendar is first initialized, the program may start the 
divider at the precise time stored in the RAM. When the divider 
reset is removed the first update cycle begins half a second later. 
These three read/write bits are never modified by the RTC and 
are not affected by RES. 


RS3, RS2, RS1, RSO — The four rate selection bits select one 
of 15 taps on the 22-stage divider, or disable the divider output. 
The tap selected may be used to generate an output square 
wave (SQW pin) and/or a periodic interrupt. The program 
may do one of the following: 1) enable the interrupt with the 
PIE bit, 2) enable the SQW output pin with the SQWE bit, 3) 
enable both at the same time at the same rate, or 4) enable 
neither. Table 4 lists the periodic interrupt rates and the square- 
wave frequencies that may be chosen with the RS bits. These 
four bits are read/write bits which are not affected by RES and 
are never changed by the RTC. 





® Register B ($0B) 
MSB 


Sa A 
<I 
se [rie [aie [vie [sawe [om [aera] ose] 


SET — When the SET bit is a “0”, the update cycle functions 
normally by advancing the counts once-per-second. When 
the SET bit is written to a “1”, any update cycle in progress is 
aborted and the program may initialize the time and calendar 
bytes without an update occurring in the midst of initializing. 
SET is a read/write bit which is not modified by RES or internal 
functions of the HD146818. 


PIE — The periodic interrupt enable (PIE) bit is a read/write 
bit which allows the periodic-interrupt flag (PF) bit to cause 
the IRQ pin to be driven “Low”. A program writes a “1” to 
the PIE bit in order to receive periodic interrupts at the rate 
specified by the RS3, RS2, RS1, and RSO bits in Control 
Register A. A ‘“O” in PIE blocks IRQ from being initiated 
by a periodic interrupt, but the periodic flag (PF) bit is still 
at the periodic rate. PIE is not modified by any internal 
HD146818 functions, but is cleared to “0” by a RES. 


AlE — The alarm interrupt enable (AIE) bit is a read/write bit 
which when set to a “1” permits the alarm flag (AF) to assert 
IRQ. An alarm interrupt occurs for each second that the three 
time _ bytes equal the three alarm bytes (including a “don’t 
care” alarm code of binary 11XXXXXX). When the AIE bit 
is a “OQ”, the AF bit does not initiate an IRQ signal. The RES 
pin clears AIE to “0”. The internal functions do not affect 
the AIE bit. 


UIE — The UIE (update-ended interrupt enable) bit is a read/ 
write bit which enables the update-end flage (UF) bit to assert 
IRQ. The RES pin going “Low” or the SET bit going “1” clears 
the UIE bit. 

SQWE — When the square-wave enable (SQWE) bit is set to a 
“1” by the program, a square-wave signal at the frequency 
specified in the rate selection bits (RS3 to RSO) appears on the 
SQW pin. When the SQWE bit is set to a “0” the SQW pin is 
held ‘Low’. The state of SQWE is cleared by the RES pin. 
SQWE is a read/write bit. 


DM — The data mode (DM) bit indicates whether time and 
calendar updates are to use binary or BCD formats. The DM bit 
is written by the processor program and may be read by the 
program, but is not modified by any internal functions or 
RES. A “1” in DM signifies binary data, while a “O” in DM 
specified binary-coded-decimal (BCD) data. 


24/12 — The 24/12 control bit establishes the format of the 
hours bytes as either the 24-hour mode (a “‘1”) or the 12-hour 
mode (a “‘0”’). This is a read/write bit, which is affected only 
by the software. 


DSE — The daylight savings enable (DSE) bit is a read/write 
bit which allows the program to enable two special updates 
(when DSE is a “1’’). On the last Sunday in April the time 
increments from 1:59:59 AM to 3:00:00 AM. On the last 
Sunday in October when the time first reaches 1:59:59 AM 
it changes to 1:00:00 AM. These special updates do not occur 
when the DSE bit is a “0”. DSE is not changed by any internal 
operations or reset. 
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@ Register C ($0C) 
MSB 


Read-Onl 
Corfe [es [Te Te [or Too "Register 


IRQF — The interrupt request flag (IRQF) is set to a “‘1”” when 
one or more of the following are true: 
PF = PIE = “1” 
AF = AIE = “1” 
= UIE =“1” 
i.e., IRQF = PF+ PIE+ AF + AIE+ UF - UIE 


Any time the IRQF bit is a “1”, the IRQ pin is driven 
“‘Low’’. All flag bits are cleared after Register C is read by the 
program or when the RES pin is low. A program write to 
Register C does not modify any of the flag bits. 


PF — The periodic interrupt flag (PF) is a read-only bit which 
is set to a “1” when a particular edge is detected on the selected 
tap of the divider chain. The RS3 to RSO bits establish the 
periodic rate. PF is set to a “1” independent of the state of the 
PIE bit. PF being a “1” initiates an IRQ signal and the IRQF 
bit when PIE is also a “1”. The PF bit is cleared by a RES or 
a software read of Register C. 


AF — A “1” in the AF (alarm interrupt flag) bit indicates that 
the current time_has matched the alarm time. A “1” in the 
AF causes the IRQ pin to go “Low”, and a “‘1” to appear in 
the IROF bit, when the AIE bit also is a “1”. A RES or a read 


of Register C clears AF. 
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UF — The update-ended interrupt flag (UF) bit is set after each 
update cycle. When the UIE bit is a “1’’, the “1” in UF causes 
the IRQF bit to be a “‘1’’, asserting TRO. UF is cleared by a 
Register C read or a RES. 


b3 to bO — The unused bits of Status Register C are read as 
“0’s”’. They can not be written. 


® Register D (SOD) 
MSB 


LSB 
Por [ee [es [oe [es [2 [ot | 00 | negister 
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VRT — The valid RAM and time (VRT) bit indicates the condi- 
tion of the contents of the RAM, provided the power sense 
(PS) pin is satisfactorily connected. A ‘O” appears in the 
VRT bit when the power-sense pin is ““Low’’. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read/only bit which is not modified by the RES pin. 
The VRT bit can only be set by reading the Register D. For 
setting this bit, PS signal needs to be “High” level. 


b6 to bO — The remaining bits of Register D are unused. They 
cannot be written, but are always read as “0’s’’. 


= NOTE FOR USE 

Input Signal, which is not necessary for user’s application, 
should be used fixed to “High” or “Low” level. This is appli- 
cable to the following signal pins. 

CKFS, PS 
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RESTRICTION ON HD146818 USAGE (1) 
The daylight saving function can not be performed on the HD146818P (X type). So do not use this function for the system 
design. 


-< Type number > HD146818P (X type..... Marked as follows) a 
or 


@ 2682 


HD146818P 
JAPAN 





< Restriction on usage > 


Please set ‘0’ to DSE bit (Daylight Saving Enable bit) on initializing the control register B. 
DSE = ‘1’ is prohibited. 


RESTRICTION ON HD146818 USAGE (2) 


Access to HD146818 needs to be performed under following conditions. 
(i) Chip-enable (CE) must be asserted to active “Low” level only when MPU performs read/write operation from/into 
internal RAM (Time and Calendar RAM, Control register, User RAM). 
(ii) User RAM and control register must be accessed in less than 1/4 frequency shown below. 
(Example: After one access, non-access cycles more than three cycles are necessary to be inserted.) 


4 Cycles (min) 


TMT. 
eee /, 


{Example 1] 











Address 







CE 





Non-Access 





Access to HD146818 


8 Cycles 


«XMM MMM 





{Example 2] 





MU, 


Address 





CE 


Access to HD146818 (Two Continuous Accesses) 


As shown in the above [example 2], when HD146818 is accessed continuously, continuous access must 
not be executed over fifty times. 


(iii) The application that User RAM is used for program area should be avoided. (Inhibit continuous access.) 
(iv) Minimize the noise by inserting noise bypass condenser between power supply and ground pin (Vcc-Vss). 
(Insert noise bypass condenser as near HD146818 as possible.) 


RESTRICTION ON HD146818 USAGE (3) 
Chip-enable (CE) must be stable between falling edge of DS and rising edge of AS shown below. (Address decoder hazard 
needs to be externally suppressed in this period.) 


AS 


DS 


is Eliminate hazard in this period. 
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